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i APPiROAC '*S TO DEALING WITH MOTOR 'VEHICLE AiR POLLUTION;
RmoErt of the Subpanel on Transportation System Reciulrements of

the Panel on Elect;'icalIX Powered Vehicles

t Edward H. Blum

The RAND Corporation, Santa Monica, California

The report that follows was written as one of six subpanel reports com-

prising background and support for the report of the Panel on Electrically

Powered Vehicles. *, It appeared originally as part of "The Automobile and

Air Pollution: A Program for Progress--Part I1," published in December 1967

by the U. S. Govrnment Printing Office.

*Any views expressed In this paper are those of the author. They should
not be interpreted as reflecting the views of The RAND Corporation or the
official opinion or policy of any of its governmental or private research sponsors.
Papers are reproduced by The RAND Corporation as a courtesy to members of
its staff.

*The Panel on Electrically Powered Vehicles was appointed in January 1967
as a study group under the Commerce Technical Advisory Bc.,ard by the Secretary
of Commerce, in a joint sponsorship agreement with the Departments of Defense;
Health, Education and Welfare; Housing and Urban Development; Interior; Post
Office; and Transportation; the Atomi Energy Commission and the Federal Power
Commission. Despite its narre, the Panel was convened for the broad task of
finding and recommending suitable means of reducing motor vehicle air pollution.
Its charter included but was not restricted to electric vehicles. More specifically,
the Pane! was c;harged to survey, evaluate, and compare alternative means of
reducing vehicular air pollution, and to recommend appropriate roles for the
Federal Government.

The report of the Panel, entitled "The Automobile and Air Pollution: A
Program for Progress--Part I," was published by the U. S. Government Printing
Office in October 1967. The subpanel reports were collectively published in
the volume from which this report was reprinted. The five other subpanel reports,
which complement this one, cover Air Pollution, Current Automotive Systems,
Energy Storage and Conversion Systems, The Automobile and the Economy, and
Automotive Energy Sources.
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The report is reprinted hero directly from the original collective volume, )
retaining that volume's pagination and Including its entire bibliography. It has

been reprinted for three main reasons. First, it appears to be of interest to an

audience that may not be reached by the original volume. Second, although

not a formal product of RAND research, it represents RAND's growing concern

and involvement with domestic, social problems. Third, alhotgh definitely

not a systems analysis, it appears to offer a useful example of how a systematic

approach may help structure -- and perhaps clarify -- a complex public issue.
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INTRODUCION AND OVERVIEW problem n ma. appear in nother iht; it is tyhe which
t is de vvrentc that alefiom pay% to uldcerfain " i t"Whn fit( f~ inti' i runt, and1( flit, flurs /iSflI

hIitory, it will he clear how little (f it w' trdav fore-

.aw or could for.we, H1ow Ith Ica'nw pr'wrv' eao."
hope' and .iensfiive'ntt which couhi enahl' i.% to take" -1. R. Oppetheimer
advantaqe of all that it ha- in wore? Our problem is
not 'nly to lact, t/e l omhbr and ft,- grim vhe 'tent Purpo of the Report
of t/e Iture, hut to kerp ho'wn frot ohscitriicg The purpos, of thi, Suhpancl report is to develop
it .... -in the ,cnse of the axwe quvtation-a style for

" [ Thi, nun.1] of doi..V /j1.it' t0 1i/, iftpliu'it. fit' ,chicular pwulion policy. "lhi' Suhpanel hits chcmen
inipowl t rble, and the tioil~non. .. . is , ietintr'% as its task LU1,spltIse.tiig tlt other n ukpsnls- ie.,
called y I, i. A .'lh which nta.. it pobl it' oact trcditng aspects of vehicular pollution not directly
,lhctivehs' v. hit not absolutely; it is .st/h' which ... concerned with specific technology and con.tructIh4
,ptahle,' i to ftid a hlcurniony bhe'ls the Iic piir hil r a systeinatic frainework within %,hich the vehicular

(114Vc'ttd1i e to itt and t(, repsard for it vwvf, itw pollution problem can ke seen and analy/ed as a
seitihiliti,.%, fit' a.pirotions of tMcost' to whom the whole.
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If pun'q of the rtprs %"em abtract, they are de- POLICY OBJECTIVES

last the Lotcit fiin wliieh they were derived. Much Ut section i% divided into two parts, which coser
of he estof hi Pacl pir wll e osoltein a (IIdifferences K:0twccn prisutec and collectise viLwS

I- - c and (2) objectives for vehicular potiulioi control.
that inev itable. We hope tKat thi- Subpancl report Diffetactit Bewe PrIvte and Clcilve Views
Aill. perhaps. %.onain ideas and infornldtion with It might he said. with regard to poliicy. that vehic-
longer hallliSct. %tlar air pollution arises filainly because of discrc-

In onr ense. thii report is designed it) %5CC3 a paneics between pris.jtc and collectise points of 'tess.
first step in a thorough systemiatic analysis. It is It is Iwel kn-lwr that unwanited e{fcts *such as air
.4iswd to) big the implicit Rnd unknown out into pollution may arise whenever inarket fore.% alone
the. glare of serutiny Within its limited scope. (i are insufficient to make individuals hear all the cost.%
course, a dctailcd conipirison of alternative plicies resulting from their actions, Without control policies.
cannot cscn hc begun. Such comparison must await the air is used as if there were no costs fromt poilu.
future effort% based (in more extensive ar~d more [ion, and air pollution tends to rise to level., consid-
complete information, Rather, here we attempt to eredsoilyudirbe
form a basis for actin and sound progress--to dc- Whocial ndtbesirae cerih.ltrtr
selop a way of looking at vehicular pollution that Ws hat thae nrotbeenismadey eren thre lTherturs

may elpshae atitdes inceas sesitvitesand not only no incentive for individuals not to pollute,
guide poiliciecs now, and serve a% a basis for detailed hut there are actually fkrccs discouragine (he idop-
investigaion in the future. We hope also to stimulate
thinking and research on the many questions raised tion of controls. This situation arise% heca

heretha canot ow .- asweed.(a) At low levels of control, each individual sees
heretha canotnow e asweed.the cost of control, but sees no benefits. Each one

Overview says to himself. "This action costs mc nioncy, but
The ubpnelrepot cntans ive ectons(in what do I gain unless everyone else does it too?"

addition to this one) and a three-part appendix. Th Unless sonic mechanism for encouraging or forcing
first section discusses briefly thc nature of pollution cooperation is set up, individuals tend to view money
control objectives. The next section. somewhat spent on pollutioin control strictly as cost. If an in-
longer, discusses the structure and character of pollo- dividual does nut spend the money. thcn insofar as
lion control analysis. It reviews sorte of the problem; he can determine, pollution does not get worse. If
encountered in policy analysis and des.:ribes the he: does, then also insofar as 4- can determine, it
structure of systematic analysis that is followed in gets no better, Thus, he has little reason to adopt
the remaining sections. pollution contr.Is. In this sense, the vehicular pollu-

The third section thvn develop% evaluation eni- tion problem has elements in common with the prob-
teria, It examines policy constraints, criteria for lems of traffic congestion and farm surplus (where
pollution control and costs. and criteria imposed by there are similar discrepancies between individual
administrative and economic considcrations. Two and collective viewpoints), and is one of a class of
quantitativc nodels (developed in a, wendiccs I and problems known in philosophy and mathematics as
2) are presented to tic together aspects of pollution the "prisoners' dilemma."
control. (b) At high levels of control, each individual see.-

The four-th section presents a broad spcetrun, if little gain fromn continuing his pollution control, and
alternatives, and draws upoo the criteria for cvalua- little loss fromi stopping it. Air is an indivisible re-
tion. It also examines possible impacts of pollution source, a quantity like dcfcnfse and law and order
control policies on the national economy and on the that cannot he denied to those who do not pay for it.
disadvanitaged and poior. Thus each person shares in the benefits of po~llution

The fifth section discusses uncertainties. It ex- control whather he contributes to it or not. Those
anlincs their policy implications. outlines somec areas who do not wish to contrihute have the chance, then.
for research, and suggests approaches to systefn ex- *, /',r~e ~rr ~v~/~l
per i tnntat ion. CO111e.
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i-ofltro) AsI lng is e c r onc c bc does nt t4 ie M i i:oneta ry tEcritos. thten tin~e moieht hope ito formai ac

same. thecy get t he be ic fits of clener air without JS .i ptilicy o bicc Iis e max iize t he ie t of benefit%
direct cost'. Polk) thco has thec joh of ensuring thot minus c(sts. subject IIo the constraints. Many of the
there arc not itn fict. rides, for if there are tosi so-ca:lled costs otI rpllution. ht1%kc'cr, tire 'huninc''
i:.nv. thc sistco: Asill hreak dna ii and pollution costs thm doi tint easily cend themselscs to mionetar)
cotro will be kmt aiiioun. - 1 li c;4thetie d'scornorts caused by pollu-

Pollution control polic-, thus mustm coontcrsalanLc tion, te manlual irritation. the loss Of Aork cdli-
, i.all unstitblu situation. No mittr ss hicli dircc- ciecc otas 1w reflected in expendliture% for cotifort,
lion pollution control loose. fromt a gis cit lce c. the pleausure, and frevelot from discomfort. but arc tiot
dimcepancics hctsscii pri-.mae andi colctist i'c ss tak m sred hv thcni. Sonic of the "hutitate"
111a) haid to Slckening or dropping of iii,i idual ctists arc detractions front w~hat "majkes life Iworth
:oitrito ts if gecnral coot, ol inmprois sonme t ith e cost arc subtle. subjectis c. anld not al-
people tias seek free rides. If generat control mays cycti wsell articulated. They reflect basic "aloes,
ssorsens. sonme may decide not to boither. iind not esery saluc has a price.

*The solution to this dilcmmna is to cnsiirc: that thie Thus, as the secl~onN on Structure and Character
cohlectite view predominates. For vehicular pollutionti f Anab~ is ard Criteria shoss in muc!i more detail,
this solutiot' i, %omewhat eaisier to ach~ives--in oine there i tno one simple suitment of objectives,
respect-than it is for industrial pollution, because for pollution control that satisfies the diQrse ends

(or ".externalities") reciprocally Onl each other. It index that can Ic optimi/cd. Policy must take into
;S ilii ,r to miake clear to each vehicle driser account. a s-crN large and complex set of considera-
~:iat hc inay gain if he stops polluting, whurcas in tions. It is hoKunded by many constraints Ind guy-
industrial ptolution it is not always clear what any erned by dOi/tis of criteria. Only one simiple state-
one cmaycngifrmreducing its etfluent. nuetit of Objectives is likely to gain wide agreceent.
Thc solution is, on the other hanid, also harder to 'That is. simiply. "Do be~tter."
aehiese than that for industrial pollution because the
number of vehicular polluters that niust beL hrought STRUCTrURE AND CHARACTER OF"
into the collective view is extremiely large. ANALYSIS

Objectives For Vehicular Pollution Control '[ie purposc of this section is two-fold: to develop
the character and structure underlying the more

Vehicular air pollution is tine oif the undesirable spcfcanalysis in later sections of this report and
by-products of operating the transportation system. to establish a basic framiework and pev.pectise that
It is pro~duced concomitantly with the desirable scrs - muight be useful in future analyses of the %ehicular
ices that thc system performs. A consideration in pollution problem.
%ehicutar pollution control policy, therefore, is main- In this section we ( I) examine features of the
tamning. imiproving, or a~t leatst not seriously degrading probleni that miake analysis difficult: 12) point out
the desirable features of the transportation systeml somie of the pitfalls these features can lead to in anal-
white miinimizing pollution. More formally, one might yss and ( 3) describe a method of systematic anal-
say that reducing desirable attributes of the trans- yistamytkehsedtcutsinoacn.Te
portation system would result in social costs which sseai tutr n pric eeoe nti
would base to be weighed against the benefits of steaicstuthued ind theproainderelopte rcnti

reducing air pollution. ~~sectionisteusdnthrmadrofheept
reduing ir pllutonto guide the analysis and to indicate areas where

Pollution control policy, thus, must not be guided synthesis (i.e., new ideas for solution) might be
solely by the objective of eliminating pollution. If especially fruitful.
that objective were to be interpreted literally. it
would imply that the best policy would be to forbid Features That Make Anallysis Difficult

use of 1te internal comhustion engine or of any other T',c problemn or problems resulting fromt miotor
engine that produced emnisions. Pollution control schickc air pollution can be viewed iin a number of
policy has multiple objectives which it niust attempt *Th jugeen i/ial all thingi s hr reduced to econio-
to satisfy as best it can. n mr:jr'r's't mI(ricadu idvuu'd'm

If costs of pollution and the benefits to be gained I)/
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ways. A popular view. for enample. is that the prol- and cultural facilities), income levels, and the eha,-
lem is basically too many cars. trucks, and buses actcristics of the transportation system strongly in-
enitting too much exhaust in ltoo small an area. and flucnc the oser-all
that the solution. therefore, must be cither (a) fewer (b) lDimand for transportation, of which part is
pollutig Nehicles (e.g., substituted mass transporta- fc) Demand for motor vehicle transportation
tion or tlcctric vehicles), (b) less ctihau.t perlhie tautiriobiks, trucks, buscst. This dcmand can 1v
(e.g.. emission controls on the interla Comhustion disided into commercial and individual cuniponents
engine). (e fewer vehicles in the same area at the which ha e different determinants, The detailed de-
same time (e.g., traffic restrictions), or (d) sonic mand rcsults in a flow which is manifest:d as a
combination of these. There is much to comniiend in (d) Distribution of vehicle-miles and speeds
this characetrization--especially its brevity-but, as dri, n in particular areas. The distribution of speeds
the preceding subpanel reports have shown, the ad distances driven determines, to a large extent.
problem has many moare dimensions and is a good the motor vehicle power that must be produced.
deal norc complicated. (e) To supply power, fuel is supplied to vehicles.

Unfortunately [or the analyst and the formulator Part of the fuel evaporates (mainly from thc car-
of policy, acknowledging this complexity and at- buretor and the gas-tank) without being burned.
tempting to deal with it open a Pandora's box of and goes directly into the atmosphere. The rest goes
analytical problems. It would be easiest to adopt the into the engine where the
simplest view, assume that the current line of action (f) Over-all performance of the engine-fuel system
-pursued to the point where it exhausts its pz-,litical determines the amounts emitted as carbon dioxide.
credit-is the best course, and focus full attention on water, carbon monoxide, nitrogen oxides, lead corn-
the means of completing that course most quickly. pounds. unburned hydrocarbons, reacted hydrocar-
Yet, because vehicular air pollution is a serious bons, sulfur oxities. and miscellaneous other sub-
problem. and it is not clear that the current program stances. These emissions go into
of action will be able to solve it. on a problem this (g) The atmosphere immediatcly surounding the
important the public deserves a more searching and vehicle, where very local atmospheric conditions
extensive view. determine the immediate disposition of the pollu-

Analysis is more difficult than the above descrip- tants. Local convection and diffusion merge the enis-
tion suggests essentially because motor vehicle air sions into
pollution and its proposed remedies; (h) The iocal atmosphere. where micro-meteo-

(a) involve both people and tcchnology. and the rological conditions (what might be termed small-
complex interactions between them scale weather) determine the local pollutant con-

(b) affect large numbers of people directly. in centrations At this point drivers and people living or
multiple (and oftert unknown) ways working scry near the street or highway may be

(c) entail costs to consumers thot, in aggregate. exposed to pollutants in high concentrations, From
may be quite large the local atmosphere, larger scale convection (and

(d) involve technology for which performance some diffusion) carries the pollutants into the
and economics are still quite uncertain (i) Regional atmosphere, where he pollutants

(e) hul.e important implications for the future as may contribute to area-wide haze. or on exposure to
well as for the present. intense sunlight (often aided by atmospheric inver-
To see how these Characteristics av, important, it is sions) form photochemical smog. If the region in-
useful lirst to bring into perspective the nature of eludes a city, conveltion cells around the city
the motor vehicle air pollution problv.q (arising from the temperature differences between

the city and surrounding countryside) may give rise
,\atur ' of we , Problem to "dust domnies" that contain pollutants and alter

Vehicular air pollution is only one element of the the local climate.'" Beyond the region., larger-scale
total complex of urban problems. To place it in con- atnDispheric motions carry pollutants into the
text, thereforc, and to see relations bereen %arious (j) Gineral atmosphere. where they may influence
contributing factors, it may be useful to examine the large-scale weathcr pitterns .nd be 'ispersed around
following simplilied chain of cents: the country and around the v, orld.

(a) Nkctropolitan for, (e.g., the spatial relation- The step s in ihis chain of c,'ents thus can L e sum-
Nhip of homCs to jobs, and to shopping. recreational niari;c( p s: Social and Economic-Technological
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Meteorological. All stcps in the chain from (a) !ution-conmrol benefits. Vurthermorc, th'qc ndiviii-
through (h) are important in creating the vehicular uals must continue to support application of the tech-

O eceaevhulrirpollution prolsm theg fl mu througe th eirlegilaen rneaprriativs m o
pOuinc crated, noiua i T~lto astefl osy thrrough itheqireegintved areprnatves, who

lowing characteristics: for pollut ion-coptrol administration,
0 It contaminates a precious, slowly regene rated Po1lution-control techtlongy is thus; subject to A

resource with substances that arc offensive and harm- evaluation by social and economic criteria, and sub-
ful to human beings and harmiful to sime of their ject to limitation by complex social and institutional
agriculture and prolwrty. constraints. Moreover, where technological pcossi-

*It affects individual members of the public hilitics, performance. costs or development time arc
dirctly. by hindering their vision. aisaulting their uncertain, the uncertainties must be interpreted in
sensitive tissues and sense of smell, and by affecting light of their possible social and economic implica-
(often implicitly) property values in areas where tions. Yet these !socinl criteria, constviints, and im-
polutiori is severe. plications that influence technological development

aThe contaminated fluid is highly mobile and are themseclves influenced by the characteristics of
thus can, often unpredictably. afft-ct areas remote the technological alternatives that the public and
from the original sources. governmental (lecisinn-makcrs perceive to he avail-

0 The degree of cor$.amination and the severity able.
of its effect,; varv considerably with meteorological Between technological Lind social considerations
conditions, both spatially and from hour to hour. there thus is a closed loop. wherein each feeds back
Because air is mobile and pollution effects depend on to influence t~ic other. In analyzing possible solutions
immediate local weather, even area,, that have no to the motor vehicle pollution problem. technical and
noticeable problems may have serious latent proh- social considerations cannot be divorced. Conclu-
lems if sufficient sources exist. sions derived from considering only one or the other.

*The continuing sources of contaminatior are or both separately, are likely to he misleading, if not
widely distributed, mobile, and (for the most part) erroneous. First, the assumptions and value,, inherent
owned and operated by individuals, Individual :ic- in purely technical and social analyses are quite dif-
tions. and choices contribute directly to the problem ferecit, indeed often conflicting, and rarely explicitly
and are affected directly by attempts to solve it. stated, Thus, meshing the results of separate tech-_

nical and social considerations without dealing with
Sada.Tec,,~cI Ihralousthe interactions is likely to lead to plans and policies

Motor vehicle air pollution thus results. a,% a sen- bese: by internal contradictions and inconsistencies."
ous problem, not from technology alone but from
an intimate interaction between social and contomc
factors, technology, and meteorology. Its solution is leaf'~" PI C40jft 'ji cfit COIllgO 1O'CflOlccIIIA

at least as complex. It may appear easiest (and rx .% to r (iim iiiii immtufl w.5ith thost a despire~d lo'cinv li

sibly most fruitful) to concentrate on purely techno- Pihocaflv-c.R., ,niccicigc short-timc dirvct ccnl (igiccuing

logical solutions- what Alvin Wein berg " has called ciii.hnt'ccud.acidniAcd/(l),rhicl
the "technological i'-becausc technology is more othewr .wnc cc inputs acnd thec nco., and hc'cc'III o/f oucpia.p.
susceptible to quick and controllable change than *nairoinum~ picduic'Iicn, ell. Even if tle cjh'c in ait' tupliid%

social and economic factors or meteorology. But, sicalcd, wchich the~ , yOfen arn m, the-Y are lo difierci, fcom
becuseofthenaureoftheprble, he meabi- 1, ('ric'c in 11w ondiji, [il l- Social judgmiac'n, Icquiha-
becuseofthenaureof heprole, te aenbil hf,,ici he'nfuim to ApcIa Anmups. scope' for incdividual iniic

it y of technolugy is la rgelIy relative technological Ili ch cu anid mce .clch ciflccc'n1 MWIA/ ril rccmn i/inc

changes must interact closely with social and CCO. c/iiccc'pcccccic i3 'lIl~'d ijcct
nomie cnside rtionsFi.t, cit h~ offi-n hld ip r'cognize 1111,1V Con flic cxiA I

nomic coc'cicc rato's bt i/ith ciicn arc cA plersted inc diflc'c,'n lernumc iic
Newv transpoirtation technology (i.e.. mass t ranOs- I14cr Ii cfil/ccccc cacc, s c' iem. Sc'ccccc. hce ie rviv'cial

portat ion, electric or steam vehicles, or pollution - ccccc phial a/ic', ccatcc'.c cci Iliil of/cc cd a% Coccipile
control applied to the internal com bust ion engine) puc ci- ithiad'n whlnc'iich . ccopoi- anciicc fdqjc'ccccc) (ch'fc,

affects directly individ ual members of the public, who b c-11cmade cc c.cifigc to oci 114'-(wpecc/,oc pccifrs ccml'i, it

must as individuals pay for it, use and live with it. /c/c civiih kccr-a/l Cijicria. Lcccc if oncrcanl iscect thec dif.
mointain it (in the ease oif individual vehicles), suffer /c'runl cc cmAfgcl t i filai,, ecliccpccolc prm, ccliv ' olucc hoscn

no u-dncc Mat the potsl cii/I fncin cc-eli iccgc'clccas 4c
from its defects, and only indirectly share in its pol- s)~.cccc (Qoe lc 0cc Rcef. 25).
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Such products may satisfy neither the technical nor trips, and sales of "comfort" medicine might serve as
the social objectivc., and may be quite undesirable. proxies, but these are so strongly associated with

Second, and perhaps even more basic, considering many other factors that even reliable correlations
technical and social aspects separately is likely to with vehicular pollution may be difficult to obtain.
prevent proper definition of the real problem to be Chronic medical effects also pose some difficult
solved. Those who evaluate non-technological as- measurement problems. For some pollutants-e.g.,
pecs of the problem often are inclidcu it a:xVpi the Lad- baseline data from the years before the pol-
statement of the technical problem, and the "feasi- lutant was introduced in significant amounts are in-
ble" solutions, as given. Similarly, engineers are in- sufficient to permit the analysis of long-term trends.
dined to regard the statement of the non-technical For others, not enough data for selected populations
part of the problem also as given, and hence exempt over a long period of time have yet been collected.
from questioning or reformulation. Thus, the most For still others, it has not been established just what
important parts of the problem statement may fill chronic effects should be measured, or how much of
between them, accepted by both without q jestioning the effects that have been measured can be attributed
as the other's concern.A to vehicular pollution. As the report of the Subpanct

on Air Pollution shows, knowledge of acute effects
IdiridmoI Effects and Costs is more complete, but interpretations are not yet well

The main effects of vehicular air pollution on indi- agreed upon.
viduals can be categorized as discomforl (e.g., physi- Careful evaluation of economic effects has just

cal discomfort, depression, dissatisfaction with un- begun, and many serious methodological problems
pleasant aesthetic and biological effects), medical remain.*
(e.g., possible effects of carbon monoxide, oxidants, For pollution control, some of the individual ef-
hydrocarbons, lead, etc.), and economic (e.g., dam- fects and costs of pollution control modifications and
age to property and crops, work lost and or costs fuel changes for the internal combustion engine
incurred through illness or condition aggrav=:ted by should be clear, as should (at least statistically) the
pollution, decreased work efficiency due to discom- costs of maintaining the pollution-control changes,
fort). and the benefits from reduced fuel consumption. The

The discomfort effects of vehicular pollution are effects of changed motor vehicle performance char-
difficult to evaluate mainly because they arc strongly acteristics-or of the different characteristics of clec-
associated with those resulting from other aspects tric or steam vehicles, should they be introduced in
of urban living-cspecially, one might surmise, with significant numbers-will be less simple to determine.
those resulting from other forms of air pollution. Even more difficult may be determining the effects
Not only is it hard for most people (except. perhaps, and costs of the re-allocation and redistribution of
in Los Angeles) to isolate the features of their dis- resources ensuing from pollution-control regulation.
comfort and dissatisfaction that might be attributable There may he noticeable effects on the economy and,
to vehicular pollution, but given our present state of perhaps, on certain groups such as the poor.
knowledge. it is also extremely difficult for doctors Since more than 80 million vehicles ultimately will
and scientists to single out wha.t vehicular pollution be affected by pollution control measures, the aggre-
contributes to the general causes of distress. Discom- gate amount of resources involved in pollution con-
fort effects, in general, are very probably com- trol will be large. If the costs were to be $15 per
pounded and non-additive.

Even it it were possible to single out the discom-
fort effects of vehicular pollution, it would still be *See, for example, R. G. Ridkeo, Economic Costs of Air

difficult to assign values to them. The discomfort Poflhion.: Studies in Measurement, Frederick A. Praeger.
New York, 1Y67.

effects are clearly significant; people attach consid- R. G. Ridier and J, A. Homing, "The Determinants oj

erable importance to comfort and satisfaction (as Re.idoitial Property I'alses .,it Special Referenc o .4i

almost any collection of curreat advertisements will Pollutioij," Review' ol conomics and Statistics, 4 . 246-
257 (1967).

attest). The problem is determining how important I/. Wolo.il (I'd.), Thc Economics of Air Polhtrion, W.

they are, and how much they may change as vehic- w. Norton, New YorL, 1966.

ular pollution levels arc rcduced. In theory, at least. The RidLer hook and paper do not deal with rehicdal
pillmion. butt aite, auivylital ai'l/no/s and piobietts art, riot

such measurable indices as residential property pollu ,-s acip , l rsshe papers in lh Wolozin olle tion arit )

valaes, frequencies of pollution-escaping weekend mor. genera, but iliustrarirv.
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vehicle in present value. for example, the aggregate when the vehicle had outlived its usefulness, unless
amount involved would exceed S I billion. And, as scrap plastic could be found to have some value or I
the Subpanel on the Automobile and the Economy be easily disposable.

has shown, the total output affected by the changes V
(though in some cases perhaps only slizhtly) repre- inplication tor Me Foolre

scnts a sizeable share of the Gross National Product. Resolving major uncertainties-such as those con-
Thus, the economic implication,, of alternative ap- cerning chronic medical effects, fcasihilities of ad-
proaches deserve close scrutiny. Yet rather than good vanced technology, public acceptability of changes
information on the costs involved, we now have but in transportation (e.g.. engines to use lower-octane
broad indications. unleaded gasolinc, electric vehicles, dual-mmle sys-
Techao/ogiraj Unceminaip s tems). and economic redistribution effects-may take

a long time. Until these uncertainties,, are at itr
The ultimate limits of internal combustion pollu- resolved, or rendered irrelevant by advances now

tion control are not now known; nor are the cost and unforeseen, there is always a possibility of signili-
time required to achieve them, And it is not known cant "hidden effects" that may be discovered and
w.hclher these ultimate limits, if achieved, Vould be understood only ufler they have resulted in significant
truly satisfactory. Although internal combustion pol- harm. Thus, analysis (and subsequent policy) must
lution control is likely to prove the best short-term attempt to take into account possible risks.
ki..., 1- 15 years) technological approach, it may not Moreover, some of the changes introduced for pol-
be good enough for the long term. As the report of lution control may have long-lived effects, no, all of
the Subpancl on Current Automotive Systems shovs, which may be beneficial. We must try to be !rtain
there is still considerable uncertainty about the de- we do not replace one serious problem with another.
grec to which specific pollutants can be controlled, There is also a problem of designing cvolutionary
and about the tradeoffs that may have to be made- strategies to take account of increasing knowledge.
e.g., between lead and catalysts, between fuels and Permissible radiation-exposure levels, for example.
engine design, between hydrocarons and oxides of have decreased steadily since 1945 as more knowl-
nitrogen. It is not known with certainty what tech- edge of radiation effects has accumulated. If pcrmis-
nology will be needed to achieve emission levels sible pollutant levels were similarly to decrease over
below those currently envisioned, nor is it known what twenty years, long-term developmen' now being
the cost-time relations for research and development planned might yield products that become obsolete
might be. It is , . uncertain how various pollution- just as they become "successful."" Analysis cannot
control modifications might affect motor vehicle assume, therefore, a fixed level of permissible pollu-
operating economy and performance. tion or even u fixed program of reduction. [earning

With reg. rd to new kinds of vehicles (e.g.. steam must be accounted for-in objectives, in analysis, and
or electric) many basic technical problems remain in policies,
to be solved. and there remain many serious ques- Further, it is apparent that decisions made now
tions about performance and costs-as the report of may both restrict and expand opportunities available
the Subpanel on Energy Storage and Conversion Sys- in the future. Present commitments may limit future
tems shows, In some areas, even 7Nlatively basic options; thus, "preservation of future freedom of
scientific research may need to be done, so that it will choice" may need to be an important criterion for
be dilficult to make even enlightened conjectures evaluating major commitments. Similarly. current
about possible technological characteristics, programs may need to be laying better foundations

Moreover, there !:.e uncertainties about the im- for the future by acquiring information, monitoring
plications of sonic possible changes for other aspects projections, and conducting important experiments,
of the general pollution problem: Air pollution is. of Analysis cannot afford to focus entirely on the
course, only one of the undesirable products of the present.
transportation system, Changes directed at reducing .. . -

air pollution can a!,so affect the system's other prod- '.S, lplamld ob .. ,.CC. ilisnj,'iho fllh ole ' pnet in the
ucts. If vehicle bodies were to be made of plastic to i e nd de'l'i*e indui,'iv%, upp-ar.i tU huac be'n rare In
reduce weight and improve performance. for exam- the grould irunspinlution induoi ie. Nelw 11anugenueal lp.

psuthes and per.specritct3 may b' iut. 5.du.d to handle suchpie, they might eventually be cheaper and easier to piobems in corts nu heavily underwrillen by the Federal

produce than metal bodies, but harder to dispose of govt'rtaen.,
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Problems &W Ptfais and human consequences of modification% or new
In theory, "it is casy to state the principle by creations. n

which the socially desirable amount of pollutiun (c) Favor "interesting" transrprtcchnologi. J
abatement should be determined: Any Riven poilu- whose social significance may be (or probably is)
tkm level should be reached by the least costly cor. inversely proportional to their cost. I
binal on of meam avallable; the level of pollution (d) Disregard the cost implications of an innova-

abould be achieved at which the cost of a further re- tion and of the economic environment in which it
de-tlon woald exceed tbe benetlls.'" In practice. will have to operate. What will be the development
such a principle is exceedinglyf difficult to implement. cost of the vchicle arid, more important, of the sys-
Given the current state of understanding, it would ter that must be built around it? What pricv wilt
be difficult to ascertain or measure all benefits and people be willing to pay for the s.%rvice it provides?
costs-or even all major ones- and more difficult With what improved prent forms of transport will
to assign a common (dollar) denominator to many the new system have to compete by the time it goes
of them. Many of the benefits and costs are not into operation?
only intangible but (such a% air pollution's aesthet- (e) Ignore the extraordinarily long gestation period
ic offense) highly subjective and weighted hy different often required for carrying development programs to
people in different ways. And many sub-objectives completion.
and criteria now espoused are conflicting and incom- (f) Accept people's current objectives and values
patible. no doubt to some degree because interactions as given and try to build a transportation system to
between transportation technology and social en- match them. Almost certainly the goals %%ill be
vironment are now dimly understood. changed by the process of growth and by the very #

Furthermore, even if these formal difficulties could transportation path that will be followed.
be overcome, it would bc-as in most social problems In addition, analysts are often tempted to:
-not profitable to search for an optimal solution. (g) Overspccify the requirements for new tech-
First, an optimum is ill-defined when therc is more nologies, without knowing well either the tim,: or
than one criterion. Second, a formally optimal set expense that will be needed to meet the requirements
of conditions (if such existed or could be determined) or the real need for the requirements in the future
would very likely differ significantly from current context.
conditions, and reaching the optimum might well (h) Ignore the implications of troublesome un-
entail significant, albeit temporary, social dislocation, certainties, and advocate only the one system that
Such a wrenching move, which would affect at least promises to be best under some set of expected con-
some individuals directly, might well cause many ditions, or
who now deplore current conditions to value the (i) Assume that the worst will happen, and ad-
status quo simply because it is the status quo and vocate the technology or system that promises to be
hence at least tolerable and familiar,** best under the worst possible conditions, ignoring the

Faced with such problems, analysts examining likelihood that this worst possible contingency will
possible changes in transportation technologies fre- ever arise,
qucntly arc inclined to'**

(a) Concentrate heavily on the vehicle rather than Sysematk Anal.sls
upon the organic functions of the system.

(b) Neglect, and sometimes disregard, the social To overcome these inclinations and temptations,
it is useful to follow a systematic analytical outline
or framework. Such a framework offer% a logical

"Reerow, .12.1, p. 42. structure or a "guiding hand" for the solution of' e.4nl¢'i '-o I h ic'( tii)It g1Jri'¢ii ht'illl,c lnc'.to Jo, ]' bral. ,,,,,I
*a*rIt ju fiic of l s , r .Jcd + . i,,, iu o. thlhi'lc complex social-technical problems, much as the sci-

uir puilliahii. thoa,-h ackno, Icdk.,d as a uthil puohhni It- entific method does for scientific problems, There
qulirin, prompt glljtntjcri, hAu not h','jj cA'nonhge at Ihg are obviously many variations on the basic theme of
Ailld of tiis wliie solutio wr,,,ld be olh hin'. systematic analysiS just as there are for the scientific
te'mpna ,v i%,' idwatir discmoi w/tl i'ite cmnconi sytmai anlss justas
bheneis. I,'le, for -vamph', the re l of tihe l.niisuh /ir method; we have found the following structure use-
slIa"vey eported Jil' 2, 4 167, in the A'o Y4'r Poti-nd ful;
briefly mentionud Jai) 26. 1967. In the Neirw Yo Th.s... (a) Delfine and resolve problems according to the

^ 'II. It<'.o,,n. Jr.. Tra, paruion Tc(I'Ino/oi  on+,d il,
Rod tIf.id, "Ilt, RA') ("vipmuiin. P.27335 tfi ' /96.). various lesels of importance. focussing primary at-
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attention to the fallacy of setting the oft-cited oal
of maximum benefits at minimum cost. Given meas-
ures of benefit and cost, which must include both
technological measures and indicators of indirect and ii
social value," one can look for a system that FivesAL 41 (of the available alternatives) maximum, benefit at r.

given level of cost, or a given level of benefit ait a
minimum cost. But maximizing benefit while sniul-
taneously minimizing cost is loglcally impossible
(as a general rule).

From the literature, it is apparent also that some
discounting factor must be applied when comparing
bcnefits (eg., reduced fuel consumption, reduced
pollution) yielded at different times. ;us[ as a dollar
earned today is worth more than a dollar earned
some years hence, because of the interest that can be
gained in the intervenirg years, so reduced pollution

today is worth more than the same reduced pollution. '.%% some years hence, because of the benefits that can be

: gained from the cleaner air in the intervening years.
Further, experience with military systems analysis

- underlines the importance of accounting for both risk

tention on the most important levels, and using con- and uncertainty in devising long-range policies.
sistent inter-level objectives and criteria. Risks, as in the case of individual fortune, can I

(b) Explicitly identify obje.tives, criteria, assump- usually be met best by some form of insurance or
tions, uncertainties. Consider the policy implications diversification, In risky or uncertain situations setting
of criteria and possible impacts of uncertainties, a sing.e, fixed course and pursuing it intensively may
Iteratively formulate and reformulate objectives and not be as fruitful as following a mori flexible strategy
criteria as analysis proceeds, that permits learning from experience and takes posi-

(c) Explicitly account for interactions and "spill- tive steps to account for risks or uncertainty. It has
over" between subsystems. Explicitly account for the been found, for example, that in the face of un-
interactions between technical (i.e., engineering) and certainty some fruitful strategies often are
social considerations. (a) To follow a course of action that will have

(d) Consciously seek alternatives, Devise new "acceptable" probabilities of success under wide I
alternatives when necessary or desirable. Compare a varieties of possible conditions; that is, to choose
graded spectrum of alternatives rather than just safe" actions that are likely to have positive effects
analyze one. 'no matter what."

(e) Explicitly and tystematically compare alterna- (b) Tu ..Anch a multi-pronged attack, with some
tives for consequences and, where possible, costs and effort directed at solving current and short-range
benefits. Explicitly identify critical or sensitive points problems, and other efforts directed toward learning
that demand special policy attention. what may be needed for effective long-term solu-

Using this framework and drawing on the relevant tions, These efforts are usually carried out in parallel,
literature of systems analysis* are useful in detail as with the longer-term effort conducted so as to pre-
well Ps in general. The literature, for example, calls serve as much freedom as possible to choose and

change direction,
"No conmprehensive, readily accessible reference on non- Within the framework of systematic analysis, the

military systems analysis seems yet available. Two boots on
military sy.te.ms atnalysis iM contain Informative and rtle.
Vant chapters are

E. S. Quadr (Ed,), Analysiis jor ilitary Decisions. Rand "The measures of costs must Include indirect and social
A1Muly & Co.. Chica vo. 1964. ,tts s 'well as conspicIous outl-poc ri costs. Otherwise

E. S. Quade and W, I, Bouicher (Eds,), Sysiems Analysis the "least cos" course is to do nothing at all. Air polulion
and Policy Planing: Applickmlons in Defense, Elsevier (to is a serious problem because it leads to significant private
be publ.hed). and social coris,



transportation system can be viewed as follows:
FIGURE 34

!Policies and !

Manalement "I

Modifiable Factors Products

STechnology )Undesirable ProductsF Use Preferences Desirable Services and

System Management Characteristics

Policies and management work on the modifiable At each of the key points in the air pollution chain,

factors to change the transportation system's opera- modifying one or a combination of the factors pro-
tions and properties, and thereby to change the sys- vides leverage to deal with vehicular pollution.
tern's products. Since the changes may only partially Cross-classifying modifiable factors and the chain
reduce the undesirable products (e.g., pollution) and of events thus would be one way of showing graph-
may affect desirable as well as undesirable features, ically the approaches through which motor vehicle
information on the new state of the products is fed air pollution may be attacked. Since only a few of
back to influence future policies and management, these potentially vulnerable points are now seriously
Similarly, those who use the transportation system being attacked, such a cross-classification would also
also observe the changed products and adjust their serve to show where new work might be fruitful. By
um preferences accordingly. laying bare the central structure of the motor vehicle

Alternative policies can be generated in a number air pollution problem, it could suggest new activities
of ways. One fruitful way is to consider the intcrac- and new approaches. That is, it could serve as a
tion of the modifiabk factors with the air pollution framework for synthesis and a focus for innovation.
chain of events. (See page 330). The modifiable Most public attention has been directed toward
factors are technology, i.e., toward modifying or changing the

Technology -e.g., vehicle engine-fuel sy%- automobile engine, and some has been pre-occupied
tems, roadway design, with gadgetry. Engine change or modification is
means of cleansing the at- likely to be one of the most effective approaches (at
mosphere. a given level of cost). But it is not tl~e only approach.

Use Preferences -e.g.. relative locations of Despite the relative difficulty of carrying them out,
homes and jobs, demand non-technological approaches (i.e., modifying use
for less polluting modes of preferences and system management) also may be
transport, driving and main- effective.* If pursued in parallel with technological
tenance pattern;.

System Managemenl-c.g., traffic flow and assign- *Techrological approaes, b-nR easier, more viraight.
ment. pricing, parking avail- ,,r'Ord, and les tirely ro produce najr .ide-eflects,

ahobt d be Iried first. Nwn.rechnolgival approaches would be
ability, public regulation. unti,,essry il iechlu'gy alone would suffice.



approachc, they may help achieve pollution control Ere in part numetieal, in part preference 1anking%,
while the technology is still being developed and and in part simply vheckiWi of poisiblc ill-etect.
increase the effectiveness of the technical approaches because of the problem's complexity and ramifica-
that arc adopted. tions, no simple ruic fur choosing the "best" alterna-

Indeed, a combination of approaches-of different ti~e from the set of possibilitiei.-such as "subject to
changes in technology and of changes in use prefer- the constraints, maximize the net of benefits milus
ence and system management-is likely to prove costs"-appears to be meaningful, No one over-all
supcrior to any one approach alone. Several of the inld; or mncaure satisfartorily represents the com-
approaches might well complement and reinfuie bination of factors that must be taken into acc ,unt.
each other. producing a %yncrgistic effect exceeding Thus, one cannot use a simple score or index to F
the effect any one atone could yield. A combination elect the "bcst" nlternati v or combination of al-
of approaches algo appears needed to deal cffcctively ternativcs from the set of possibilities. Instead, to
with technohgal uncrtainty and the vagaries of c;umpamc alternatives, one must resort to a more
research and dcclopmcnt. There is not litely to be compikiatd (and sccmingly kns "s icntatc" ) pro-
one "solution" to motor vehicle air pollution. cedure: (a) rate each altefrnative according to each

The sections that follow begin to fill in details of criterion; (b) evaluate the ratings according to the
systematic analysis. The section labelled CRITERIA external (non-pollution) criteria that are considered
explicitly identifies criteria and constraints, and con- important (e.g., equitability, risk preferences, Federal.
siders their implications. The section labelled state or corporate budget limitations); and (c) com-
ALTERNATIVES develops a broad spectrum of pare the sets of evaluated ratings to identify the
alternatives, considers interactions, and uses the eri- alternative or alternatives that then appear dominant.
teria to indicate very approximate evaluations or This procedure contains subjective element% and pos-
rankings. The section labelled UNCERTAINTIES sible ambiguities, as indeed it must, for public poll- "
examines uncertainties, and explores their possible cics arc rarely clear-cut. Seemingly more exact f
impacts and thir implications for policy, methods contain thein as well; they may merely hide

them behind illusions of precision.
CRITERIA Evaluation is most legitimately carried out by the

public through its elected representatives or those to
This section identifies criteria and constraints, and whom they delegate the 'suthority. The external

considers their implications. Its purpose is to make criteria by which pollution-combating alternatives are
explicit the standards that should guide the design judged often reflect the highest values of society, dc-
of alternative approaches to vehicular pollution and cided or revealed through the political process. More-
form the bases for their comparison. over, the tradeoffs beween criteria-for example,

The section has six parts, which cover (I) the between pollution reduction and impacts on partic-
role of public values, (2) constraints, (3) criteria ular groups-are subtly complex and ftcn politically
for pollution reduction and costs, (4) criteria for quite consequential, A bad rating on one criterion-
effects on the motor vehicle system, (5) administra- for example, impact on the disadvantaged and poor
tive and economic criteria, and (6) criteria for the -might be sullicient reasor to rule out an otherwise
Federal role, attractive alternative. Such evaluation, however,

should be made by the public explicitly and know-
Role of Public Valus ingly. An index that included all factors, evaluated

By its very nature, vehicular air pollution is a tradeoffs, and combined the resulting value judg-
public problem whose proposed solutions must be ments into some single, merged criterion would
judged by more than the private standards of profit implicitly usurp the public's authority and respons-
and loss. The criteria for evaluating proposed solu- ibility.
tions transcend simply pollution reduction and net For similar reasons, "public acceptability" is here
cost. They also involve, for example, special impacts considered a criterion rather than a constraint. A
on particular parts of the population, effects on the myth, too long perpetuated in discussions of the
motor vehicle (transportation) system, risks to public problem, says experts (e.g., administrators, engi-
welfare, and administrative complexity. Although neers, planners) can identify at some early stage
some of these criteria are anenable to quantification, those alternatives that will be unacceptable to the
others are not. Thus, the scales for rating alternatives public and that, thus, should be developed no further,



TiMlyth Iniplics. first. that thcre arc C-rtain ab- gaae y~i o ~ ad~kpedu
solutes. In fact, experience suggests that "the com-~ sonme new propulsion systems but, otherwise. titatc-
munity can be educated and public opinion can be rials arc not expected to he a serious constraint, 'Ihe
changed, und that whethc-r something h~ worth doing Sut'pancl onl Autoniotise Mic Souices ah'o has
in the political arena depends on its costs and bene- found that "adequitr energy sokirccs arv availablc at
fits," I Second, thc myth intplics that "cxpcrts" arc lcast fur IhL tcmiiiid:r (if flik century to meet tile
more capable of determining political feasibility' or s,.litlc transpirtation rtiquirvnwnts &o f 1he voomnrv
public acceptablity than policy makers or publicly regardless, of the typqe of povr plant that nmay h1e
iwsponsibkt ofiials. But, in democratic socitics. used,"
only the public and its elected represcritativcs have For the scale of Exillwitiin-eitillf- Mhiiiw bee-
the right to dccidc what is and what is not politically enivisioned, capital is 10t likely to be scatce, both
feasible or publicly acceptable. Experts arc notori- because the major firms inovcd (in the automobile
otU#ty hAd at Mnal-ing these j dEMents. Their reOpX'n~i- andl petftu rt±tt~ amr quitc iarge and have
bility is to pfovide informiation onl tiw possibl' extensive working capitli, and because miassive capi-
outcomes. costs, and benefits of alternatixe actions, tal inscstnwnts do not appear necessary.
not to decide that particular alternatives will he on- (b) Solutions mnut work In The current1 context
aCCeptablc.** and "shat evolves therefrom. Any policy proposed to

combat motor vehicle air pollution must work in the
COMIS11:12u011 context of its time and of the future it sucks to affect

Constraints arc inflexiblc criteria that alternatives It should exert what influence it can to ma~ke the
must meet. They usually reflect scarcities, rigidities. context miore rcvcpLiVc. but miust acknowledge its
or values of o~er-riding importance, and change ;a% %cry limtited ability to c;hange tile cuft:t quickly or
these change with time. For motor vehicle air pollu- %ignitiantl\. or to alter significantly thie dirction or
tion, constraints on possible solutions arise because miomientumi of the changes that res-ult from tile sum

(a) Ceritaia rsourmt wre scarce orRle-eg of countless other forces. Any proposed policy, for
technical manpower (numbers, specialties, quality), exanmple, niust take into account the following:
facilitics, and knowledge. Knowledge, e~g.. scientific (i) Despite the many minor changes that occur
knowledge and technical state-of-art. evolves rapidly, almost di ly. most metropolitan ureas experience
so that frequent re-assessmnrt of knowledge con- major change only u~cr decades, if at all. In miany
straints is nevessary. Technical manpower is not important respects, the metropolises of 1940 wkill
likely to be a serious constraint (although there look %cery much like those of today. The factors

might be shortages in some specialties if. say. cc- determining intra-inetropolitan tranisportation de-I
tric ear development were to he pushed on a large mund and the resulting transportation flowks are likely
scale). but some projects requiring similar specialties not to have changed greatly, ulthough the scale and
my bc slowed or halted beccause of manpower diser- structure of thle demland anid flows may hase changed
skin, Facilities, similarly, should tx: adequate fur to reflect change% in technology and inicomie di,.trilio-
most purposes, although robust, reliable pollution tion, 1The current stuck of housing., offices. store~s.

measuring instruments and facilities for testing new factories. streets., and highways Is so large that pro-
components and systems may he scarce, pusals (or major redesign or realignment of mectro-I

As the Subpancl on Automotise Energy Sources politan areas mlust, to be realistit., hase tinie-hori,rons
points out, shortages of certain materials teg.. silver, of t~kentv years or miore. Similarly, largc-seale
mercury, and platinum group metals) mnight he ag- changes in the t ranlspolrtation system require such

large investments and till generali take so long to
11J. F. Kamn, "'A Ra'.appratisal qj kelropiitan Tranipirs accomplish that their effects are felt only long after

PtnmR4 .Pafpr'JUI prsiar dir Commonfli,1ra ihi m o they aire planned. Proposals to shape the contest os-er
rtmioNI t. Afrll'tnunr. AtisOit.a Jdi 17, j 67. p '. the short-termi must, realistically, aill at thle margin

"lhid, p 6. Aai (W~jIi it .I ti is) in wimpi. to intl ucre changes and try to miold thiat "hich is
ten . . ,the ihmplivliansr tit iiiihjl411 al itt at,- oleonew

at "/I apparent. A.1 a friulf it i0 1)111-I no)1~tI od'l 1.,11 newl.

male eretn crudd.% the pmiiiihiefi ltIi and (mit of pallij, - Oil The current stock of mnotor Nchicles i-, large
ular uwm until #he.%i hate t'ten ri wo,,a-d iafd ' vl anil aind growing, and ownership i% ditlused aimig it

unilO tIeruilre atlh'idopi haL Atm dime. 71lai the- art %ry large number of people. Further, motor vehicles,
Ptch t diflialh to) CarrY Ot if# ,nanvf inJI~' S la tl Va m tt

1
]Wt

on~y h- rougAIY apprtiimaid ti utt isnuekta arc sufficiently long-lived that new vehicles intro-
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c~ontrol rcquitc% dealing with a large flu oher of li- Friclion (if Cair% F'rjotion of CarsA
d ld IS d nd Contending %% ith 111he lganod M-(A I Yca r.- Mit in Originrialt lrdiicd

l~~ m,~.I 9'rccxdini; Year thait had Surv~id
fldfcc pro ni- camc~d Ily the' %11%k Him of old Age~ "f C, -Siii it. to k~mii A )iiuits in
vchiclkc oi of tile % Stcm. INcar- . N car-, 0l0 ini

rei'i~tvrvcj in the tUnitck SWWe- for I(MAi t
. Yf( it ndJi4 lr 9s

sho%; % thc arngC Of prOjection1s5 for t I c num ticrs-. by -T
ehicle tyre fmr 1475 and 1990. The table res enls

that thcre %%cre more than 90( million Nchkksc in the ~.V 1
1 4 . . ... ~ 9V .9

U.S. in 1096 and that tile niumber is expected it) 4 .. . Y .99 .9W . .81

riw to betweeni t15- f(t mliltiun b)- 11'10. r . I ... .774 .775 .764 .956
t.hc4 hts ht lhuh h ~rg l 1 7...... 957 .Y52 . Y 1. .910

Ia h 4 h o s t a , al h u hCe ~ r g 7 m .. .. . .SIR , .96 .863 .434
of tile autoiiiohillc Vopulaition is aibout 6 yeairS, tile 8 9 ..... 0 .90 . 781 . 75s
median life of ;tit indisidual autooile is neiirls- 9 in . ... . s5s, N. Nly.66 .631

Iyears. and that inure thani 10 percent oIf tli: Cirs ....... .81 xi .42 .544 .535
9 92..... .7W44 .1710 .424 .412produced in a gisen year are still in use 16 or more I1 13. . .764 753 .324 .3910

years later (although cars Ifi years old or older 1.3 14.. ..... .76.9 . 73 249 .234
constitute only I to 2 percent of the total automobile 14 11 .... .75: .757 .117? .177

9 5 16..... .773 .731 .145 .129population illt a gisen timew). Th,.. sc figures show,................ .797 .9(25 .116 .07
for example, that csNci if all car-, produccd aftcr at
gisen date were to hase extraordinarily low emhission % 41111 il 1 1, if, I I )car% ilppros.)
characteristics, it would he: 6 )ears. before tile low- .4.crugu. 4,WI it/ Awobil, 1P..pudluin -6 )cars wptox.i

emission ear% would make up .50 percent of the total I ltltiIantwr% ~mi iiisibk asm ivri
car population. 9 years hire they would niakc up 5 .
75 percent. and 14 yearS or More before they would
hasec rieplaced all but 5 percent of the older ;cars. Truck replacement i,, wien sloiwer; it takes more

than 7 year,, to replace 50 percent. uiore than 13
years to replace 75 percent, and IM years or more

TANI1 47 IJ.. Ni()k I ti( t RIto replace 95 percent. *T1hewe tigures assurm a rca-
sonably steady rate oif new production and no cs-
sential change in the current rate of scrapping old

Year Passcnlger BuwS iuk; Totli vehicles. An increasini; rate of new production and
Cars an increusing, rate of retirement could accelerate the

influence oif new vehicles.

1903 69,053.000) 209.0WI 13.360AYJ) S(.714.000 Table 49 shows automobile ownership by house-
19(4 71.9813.000 305.000 14 UI 3AAA 86,301.000 hold income in 1904. It shos~s that o~(nct%hip of
965 '25,261,M)0(1314.000 14,195,M)0 ml, 3 7o000 approxilllately 60) million autoinohiles was then

1965 7493.00 13.00 14.35.(30 9(9.03,0(3 disided amiong approximately 43 million households,

1966 78,11 $.0(K) 15964,0t9, Poo3 of whichl roughly 12 million owned two iear-, or more.
I t alIso shows an al Imost perfect ( ini a stat istical senrse )
comrlation of automobile ov.ncrship with household

ProI~iimnnitteoni; the percentage of households. owning one or
more ears rise% fromt .5(0 percent for household% with

195 95 11.5 milhon 20 25 millioa 115 M35 liin ineoms% of S2t4ttl or less ito essentially 100 percent
19980 05s M3 11illni ' L) 30 illionf 925 ISO iiilili for housecholds with incomuis of SI 5.OK or more.

If these figures truly represent discretionary uses of
I',. ei, nr., Putl l. nmed V.'.iio, rwwiin iimr tt hiO". income1 an Ld ire 5 %table with itime. they may indicate

"I gw.,I i kl-i ,~ .u ,uin m. 1%7 uicd...iiil jitsism tha generally ris ing icIC0lv( jOSsibl 3I agiC nted

I ijiuic , 1' -A t jd Pif i..li 1'. Idaii tW'3 of, ruvn. Img. * Rfc/ii Iit c , p). 25.

-ANi.
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by an at least partially successful "poserty pro- TANIIF 50 MOTOR 'LUIICLU OWN[D 1Y Tiff
gran") %Ill lead to grcater automobile ownership Ft1-fRALCj0lFItNMINT '
(and hence soniic-hat greater pollution problems) (June 30, 19")

than antkiipatcd in tht' projections in Table 47.
lal U$how, 4C levecragze possed by hStio

lcdcral gocrnnici 'trough its owncrship and pur- Agrcnic Wagons Hu,,s Trouks Total
ehawc oi mttor 0.s- ies. it shows that the Fcderal ard'Ambulanccs
go'rflnlii ownis dtlnicslically iotoe than 70,0W) ibu~nc
autonmohile, and 21 0,(X) trucks, and purchass in
2 typical Yvar-Q.XVludi0S militUry Jg 4eiCS a1d fhe 'iillan (Total).... 42,616 1.418 117,072 261,106
Post Office abojut 4,t)O()) auttofobilc', and 15.{ f Military (Total). ... 40,514 10_105 139,571 190,590

All(lotal) ......... i,130 .2 256,4 351,696other vehicles, Althoughh for nam - o ........ 70,683 7.75 212.699 291.07
%ignificant share of the total mtock and Hlow of %chi- 1 orc iin .......... 12,4.37 4.16x 4,9",, (k,559

cks, the nunhcrs arc large enough and Federal
purchases are sufficiently conspicuous that they offer
coniderable opportunity for the testing of new GIRAL S1vic#% AomimsitAIUN PURCIIAMS (4
declopnents and the inauguration of spe ial pur- MOTOR VIHI'ts (LtxcuINo MILITAIR)
chase requirements,

Type of Vehicle Number Amount

TAI t 49. AuroTaolmne O.IA,41iIFP BY
110UsMlroLt INCOMI, 104 Sedans ........................ 7,420 SI 1 859,000

,:aton \Vag ons ................... 1,498 2.802,0O0
PCst Office Vehiclc ............. 14,586 24,008,0W0

i Number a'id Percent Ambulances, Trucks. Buws,
Number or of Houschulds Trailers aid Others ........... 15,404 36.561,000

Oning
TOTAL ................ . 39,008 $75,230,000

One or Two or Annual Motor Vefle Report, Ceneral Servkes Adminlsratiloo,

House- More More It&'ruary, 1967.
hold Cas Ct'S Car sterd if NottM Vehi.lc Secr,,r, (tSA. Pur,.1.4.e.fli 1t l
holds~ea Car C Is ar

(Mit- O-Aned kon tr1 eare" $1,000.
lions)No No No.I

(iv) An important part of current and future con-

All Houschulds ... . 56.2 59.4 43.3 77 12.3 22 texts that seems difficult to influence directly is
Household Inceni: meteorology. Largc-,cale weather modification is

Under$200. .... . 13.4 7.9 6.7 5u 1.2 9
2000 .99 ....... 5.1 1.5 1.2 ,3 bing studied, hut now and for the foreseeabl future

$3000 9" ...... 5.2 4 5 3.8 73 0.6 12 sents beyond more thar) minor control (such as
400 499 ) ...... 5.0 4.8 4.0 80 0.7 14 cloud-seeding). Proposals have been advanced for

$5000 59" ...... .2 . 6. 57 "breaking" temperature inversions and other stag-

$75W0 999 ...... 7,0 10.2 6.1 94 .2.6 37 nant conditions that exacerbate the effects of poilu-
SO,000 S14.0 ... 1.3 10 .,1 96 2.6 49 tion, But thus far none seems capable of harnessing
S15,0 andmdrc, 2.0 3.9 2.0 Ioo) 1.2 60 the forces that would he needed to upsct these

AJ . " j " d n conditions' stability.
July 1%4 the Burc, u ,il the ( N 1( lld i 1%7 , ,un l Sieromtetcorology may he, more amenable to
l'ard; n I(sat?,t, . A h NIor - to , Alt ' Ut .*i P1 4 . iran'. control. Indeed, there are suggestions that

urban construction has greatly influenced micro-

(iii) Operating thesw large number% of motor climates, and that .'od design could l.xth enhance
.ehicles each ycar consumcs a large amount of fuel. conditions favorable to dispersing po.llutants and re-
As Table 51 shows, nea;,rly 75 hillion gallons oif duce the effects of those that tend to trap pollutants
motor fuel Acre consumed in 1966. and from 105 to loally. Reducing poillution by affecting otierometeor-
1301 billion gallons arc ep cted to lie conm nued h ology may in the end be dillicult. hut now the major
191U. constraints appear to N luck of information and lack
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of institutintai mechanism-, through which micro- (tit) The fragmented powers and relative Ineffec-
meteorology might even ht considered in de'eloping tikeness of many local gose nments,
the urban context, (is) Tinie-lags and cunusion a.companyng the

(c) Policies must be concerned with institutions, establishment. stalling. and breaking-in of new agen-
traditions, and habits. Strong efTorts thal attempt to cies, agency functions, or administralisc or enforce-
change these elements quickly arc not likely to be ment systems.
welcomed by those even indirectly afled. (') Traditional rclationis and mutual suspicions

Pollution policies, for example. mot consider the Ihetwcco industry and government.
structures of the autombile and p"trokum indus- (Vi) Traditional industrial prcrogati,,s and habits.
tries. The former is characterized by a few vcry largc (vii) People's traditional prerogatives (e.g., free-
firms and a host of much smaller. sp cialized sup- doni of mobility) and habits.
pliers. The large firms ',gage in oligopolistic (as (Niii) People's preferences (as conditioned by
distinct from classical) competition and, for reasons eXisting altcrnaliscs, adseiliig. and their current
described in the main Panel report and the report of milieu) and the problems and time insolved in at-
the Subpanel on the Automobile and the Economy. tempting to change them.

(d) Policies must be concerned with distributional

TAULE 51. M010M FULL CONSUMPIIO. effects. What matters is not only the si7e of the pie
T_______ 51_____________________u _____O __ of costs (or bncfit). but how it is divided up. Pro-

Year Motor Fuel Consumption po.ed changes must take into account possible dis-

(billions of gallons) proportionate impacts on certain parts of the popu-
lation.

Some policies might (as the section on Impacts of

196 (preliminary) '14.6 Pollution Control Policies explores) have impacts
Range of typical projections considered quite undesirable by the disadvantaged

1970 80-89 and poor, These groups may value lightly the bene-
1975 90-110
1970 105-130 fits received from reduced pollution (because com-

pared to the other discomforts, and medical and
economic problems they face, pollution may seem
minor) and value heavily the costs incurred from

have long lead times associated with the design, pollution control. Further, some pollution-combating
tooling, and production of new developments. The policies may be economically regressive, and affect
petroleum industry contains about two dozen large, the poor and disadvantaged adversely in strictly
integrated ' firms and a considerable number of economic terms.
medium-sized to small companies. Many of the Pollution-control policies might also disproportion-
smaller companies (which account for noticeable ately affect other groups, such as parking garage
parts of selected markets) concentrate on exploration owners and operators (if the addition of afterburners
and production, refining, or marketing, but not all or engine redesign were significantly to increase the
of these, and thus are more sensitive to vicissitudes length of all cars), small companies supplying parts
in any one. New processes for various aspects of re- or fuel components that might be eliminated or re-
fining are continually being introduced, and old pro- quired to change radically, store owners in areas
cesses are continually being modified, but the pro- where parking or traffic might be restricted, etc.
portion of total capacity replaced or substantially The important questions are how severely these
modified in a given year is usually small. groups may be injured and how serious their in-

Other constraints on policies stem from juries are considered to be. Someone is almost always
(i) Frictions and unresolved authority and re- hurt by policies that distribute costs and benefits un-

sponsibiity in government. evenly. Deciding whether policies should be con-
(ii) Continuing legislative review of executive strained to avoid particular injuries to particular

authority and short-term appropriations, at both state groups requires (a) detailed analysis to discover
and federal levels, ju.t what the elfects are expected to be and (b)

careful esaluation of the effects to see whether the
'Vertically inteprated, with rapabilidie for exploration. cots of the injuries otweigh the costs of constrain-

production, rrfImin'g, di.mlibion, and mur4reintg. Many hai-e in the olicies
both domestic and jorrign operations. ing the policies.

It
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The constraints imposed because of distributional problem this one is designed to combat? Similarly,
effects should he reviewed periodically to ensure that which other policies' eflectivcness would this one
they do not acquire th( status of inntable laws. owcr? By how much?
Too often such constraints outlie their bases. Thcy In cvaluatirp how elcetiv, given policies might
bccrmc "rules of thumb" that must be observed be, one properly should weight specific plIlution re-because no one knows or remembers the reasons ductions according to their relativc impoti:eCC.

for the original decision, which thus cannot be con- Measures of importance (or of pollutant-reducing
tested. Conditicns may change markedly, but all too cliectiveness) should assign weights to the specific
often the constrain! remains in furce.* pollutants reduced (or increased), the amounts of

reduction (or increase), and the locations and times
Criteria For Pollution Reduction and Costs of the f!lutant changes. With these measures, ene

should be able to aaFswzr in some reasorable way
In evaluating possible pollution control policies, questions sich as: Which of the (hypothetical) two

two of the most important questions are program-, outlined in Table 52 would be prcferablc
(a) How much do they reduce poliation?, and on the criterion of pollution reduction?
(b) I-low nucl do they cost? Unfortun:,lvj, information is not now sulticient

In this form, both questions are deceptively simple. to develop meaningful measures of this kind, a the
The criteria fo, pollution reduction and costs involve report of the Subpancl on Air Pullution shows.
many considerations, as the following subsections There appears to be little gp.ncral agreement abou,
show. either the relative importance of the various pollu-

tants or the relative values of various reduced levels.
The questions about sensitivities anil interactions

In evaluating the actual reduction of pollutants can be handled with somewhat more confidence,
that might result from various policies, the key mainly because they deal more with specific technical
questions are issues than with medical arid public values. Inter-

(a) Which pollutants arc reduced? actions between certain technological alternatives are
(b) Which, if any, are i %creased? receiving attention now "n a numibcr of laboratories.
(c) By how much are thy reduced or increased? Interactions between technological and non-techno-
(d) For (a) to (c), Where? logical alternatives have received perhaps less ai.en-
(e) For (a) to (d), When? lion but may also be importat. Proposals tw reduce

Further important questions about a policy's pollu- pollution by increasing the average speed of trafic
lion reduction are through congested areas or by improving people's

(f) To which features of the policy are these driving habits, for example, would be much less
results most sensitive? That is, if tcn** percert more attractive if engine changes were to wake emissioni
money than indicated were to be devoted to this depend much less on speed and on frequency of
policy, where should it e speni? Or, if only ninety acceleration, deceleration, and idle.
percent of the money indicated were to be available, Sensitivities may be explored, at least approxi-
what should be cut and what should definitely be mately, through some simple, aggregated models that
left alone? represent sonic of the more important phenomena

(g) What happens to the pollution reduction and poliiy variables, Pollution effects can be reduced
claimed fMr other policies if this policy is followed, in three gei.cral ways.
and vice versa? Which other policies would c-. ice (a', By reducing the extent of the activity that
this one, or be enhanced by it? By how much (i.e., produces pollution,
questions (a) to (r))? Which other policies would (b) By reducing the pollutant emissions per unit
lower the effectiveness of this one either by affecting of activity, and
it adversely or by getting rid of part or all of the (c) By reducing the impact of emitted pollutants

on susceptiblh people, agriculture, and property.

*Reference 143, p. 6. A relatively detailed, formal model (Model I) for
* Tt i percent is used j,;r illutoiunio. li prattlc, .en.i. (a) and (b). and . highly simplified, partially pc-

hrit.." should he 'uainined ioe .evea di/Jeret hIrels (il nomenological model iModel II) for (c) are devel-
i.ipcndiowre oboe and belw et i onisuaed. 1he id/ornl-, oped in appendices I .,nd 2. The results of these
iii. ,, rciah'd ,;erii.j h 'I i e i'il y qlue'. ian. t.ay; lead io

rcvisions o/ thA pi -y wich i,prait rut, models may be sw-'imarized as iollows:



TAI L 52 PuIxlRkm A M paefa l! diy
(t.hour pcak a~erage Ln%:nratiuris-pn1 ii Dlne aibe

Year CO 14C NOX Numhcr of vehicles of type in oriri[

nally produced in year '
11975--crntral Ami ....... 30-- 1,-5 O0. .,t') ube f cicso typ, in thait

Suburbain Ring .. 1013 8±t: 0. 3±0,1 Ir er l nya
1983-Cenlral Area ....... 207-5 10:t5 0.8+0.4 ar aa yracro od ~ink type * svr

Suburban Ring .... F 6 ±4 0.4 ±0.1 s,()FIr ctoofvhcsofypinu-
1995- Cenitral Aica ...... I~ 151 6-k4 0. 5 z0. 3 viving a years

sttburadfl King .... (±2 3=2 0.1 CI A,, - (i %a) Amount of pollutant j cinittud per
unit of driving aspect k by vehicles

l~RO~AM l~of type m that are a years old in year
(I-hour pcak average concenztritions-.pn)

Ycar .CO Hc NOX D,,..(R.T;a) Extecnt of driving in aspect k donc by
a year old vehiclcs of type pi in re-
gion R during timec-period T

1975-Ccntral Arca ....... 35+5 17A7 0.53±0. 4 U,1 , -- Amount of pollutant j emnitted por
Suburban Ring *.10±3 9*6 0.3+0.2 unit of driving aspect A by vehicles

1985 -Central Are-a........25±5 11 +5 0.5±0.3oftp nhahacopluin
Suburban Ring ... 5:03 5±4 0. 2±0. 1oftpFnhahve pluin

t99S--Ccn(7al Area ....... 5±L2 1±1 0.1 ±0.1 control (i.e., base-line emissions).
Subrb~ R~g 21 05±05 005±.05 E4 1 (y~a;M) -Effectiveness of control on emission

of pollutant j during dirk ing aspect k
*E~reccieJ valu~t-es xpeted Wi' coriJc i~ tsii. from vehicles of type in tOat are a

(l-houf peak averagae eomr ath~icn may not ue a itwd lIndm~ itis1
u28d for illusration ony. years old in year y and have been

maintained with maintenane policy
M.

MODEL 1: f,.(a, M) --Effect of vchicie age and niaintc-
nancc policy on control etfectivencss

Nomnclature for pollutant j in driving aspect k

(i) Subscripts for a vehicle of typc in. f I indi-

I.represents poll utants-ic.. j I might cates that effectiveness is the sanme as
represent CO. i 2, ozone, etc. when the car was new. 1 0 indicates

k represents distinct aspects of the driv- that all of thc designated pollutant
ing cycle-ixe.. k:- I might represent control has been lost.
steady driving below 10 mnph, A 2. de- Q,(R, Tj , a) Quantity of pollutant j emitted by an
ccleration, etc. a ycar old vehicle of type in in re-

rl rcprcsents relevant vehicle types-i.e., gion R during time T in year y.
nin I might represent small cars, Q,.,(R. T:y) Total quantity of pollutant j emitted
Pn=2, light trucks, etc. by all vehicles of type #in in region R

during time T in year y,
(ii) Independent Variables Q,(R, T.vl Total quantity of pollutant j emitted

R :-Region of interest, in which activity byalvhceAn einRdrn
produces pollution, e.g., a certain time T in year y.

part of downtown Relations

T Timte period of interest, e.g., 8 io 10

~~. ~ Year of interest, e.g.. 1980 (2) E~,
Year in which a given vehicic was 3

a .- Ago of a giurn -vehicle, in years (4) A,..'U =A,. l.a)
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(5) Q,.(R, T~y,a) =;E: Aj,,.(y,a)Dk.(R,T;4.) Sensuivities

(6) QD(R,T;y)--eQ.(R,7;ya)N.(ya) Despite its many limitations, this simple model
may show approximately how sensitive the average

(7) Q,(R,T,')= .Q,,(R,T;y) pollutant concentration is to changes in emission
" rate, pollutant removal rate, wind velocity, and re-

gional size. The index of sensitivity used is the per-
This relatively straightforward model (or collec- contage change in average pollutant concentration

tion of relations) relates substantive, measurable that might be expected to result from a one percent
quantitics-and the policies affecting them-to the change in the indicated quantity, with everything else
rate of pollutant emission. Even in this simple, de- remaining constant.
tcrministic form it may facilitate the comparison of (i) Emission raw S,
alternatives and permit the effects of policy and per- A one percent decrease in emission rate might be
formance variations to be examined systematically, expected to result in roughly a one percent decrease

in average pollutant concentration.

MODEL I: (ii) Pollutant removal rate: k
A one percent increase in pollutant removal rate

The preceding model covers the production of might be expected to result in a decrease of h percent
pollution. To sec what happens once pollution joins in average pollutant concentration, where
the atmosphere requires a detailed set of models that
cover steps (g) through (L) of the air pollution h-!.(kq
chain of events (page 330). Current understanding k- .
of meteorological (and atmospheric chemical) proc-
esses is not sufficient to develop such models. None- For a region in which k - I/day, d- 5 miles, V - 7
theless, it is possible to develop an extremely crude, miles per hour, b - 0.01. Thus, it appears that pollu-

highly oversimplified model of the generally impor- tant concentration is at least an order of magnitude

tant events that offers some indication of how sonic less sensitive to changes in the rate of pollutant

key phenomena and policy variables might interact, removal from the atmosphere (by physical and

Such a model ii developed in appendix 2. It is in- chemical means) than it is to changes in the emission

eluded only to show in a rough, semiquantitative rate.
way what the broad implications of certain policies (iii) Wind velocity: V

might be. It is not meant to be definitive, and should A one percent increase in wind velocity might be

be interpreted more broadly than below only with expected to result in roughly a one percent decrease

considerable caution, in average pollutant concentration.
(iv) Atmospheric dispersion: D

Nomenclature This model represents a physical situation in which
atmospheric dispersion is not important (its effect

c,-'--Average concentration of pollutant j in a given is less than that of the pollutant removal rate). Dis-
regi:on persion is important, however, when pollutant con-

d=Characteristic over-all dimension of a given re- centrations change significantly over relatively short
gion (e.g., diameter, length, width) distances.

D =: Effective atmospheric diffusion coefficient (v) Regional size: d
A- Rate at which pollutant j is effectively removed A one percent Increase in the size of the region

from the atmosphere over which pollutants are emitted at a uniform rate
S,. Rate of emission of pollutant j in a given region might be expected to result roughly a one percent

(in the sensitivity calculations, assumed to be increase in average pollutant concentration, This
uniform throughout the region) result has implications regarding the pollution effects

V-Wind velocity ( assumed constant) of urban sprawl.

Relationt Criteria for Costs

' F d S(?,+).Pi In evaluating the net monetary costs that might
C, I - I Cxp P - +-. result from various policies, key questions are
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(a) What arc the nonctary costs to the con- the prices of inexpensive vehicles and decreasc their I
sumer? fuel mileage, yet not affect the prices of more ex-

(b) What monct,1ry benefits docs the consumer pensive cars and increase their fuel mileage, one
rcccive? would want to consider the distribution of costs as

(c) How arc vhese cnst an6 benefits distributed well as the over-all total.
anong consumers? When net costs occur is important because (i) their

(J) For (a) to (c), When timing may affect consumers" ability or willingness
Further important questions 'atout a policy's costs are to pay them and (ii) money can earn interest, so that

(c) What ar; the secondary costs or benefits to costs incurred today asc valued at more than the
the consumer that result from changes in govern- same costs incurred some years from now, How
mcntal tax revenues or govertinment expenditures? diatcrent the valuation is at dilferent times depends

(M What is the distribution of probabilities for on the interest rate-question (g). Selection of an
future costs? That is, what are the likelihoods of interest rate is discussed in the following section.
actual costs in given future years being ten percent Scconda,) costs and benefits accrue to consumers
less thar. those estimated? Ten percent more! &ifty through the effects policies have on government re-
percent more? Twice those estimated? Five times ceipts and expenditures. Decreased fuel consumption,
those estimated? for example, would result in decreased fuel taxes to

(g) What interest (or equivalently, discount) rate states (about 6 cents of the price of a gallon of fuel
is used for comparinl alternative policies? is state tax) and to the Federal government (4 cents

(h) For policies where reduced pollution is only per gallon is Federal tax). Most of these taxes go into
one of many desird goals, what procedure is used special highway funds that are kept separate from gen-
to allocate part ot the costs or benefits to pollution cral treasuries, however, so that it is difficult to trace
control? directly the effects decreased revenue would have.

We stress the consumer in questions (a) through Highway programs might be curtailed or stretched
(e) because the consumer's point of view should be out, or possibly reorganized; what these steps might
maintaincd throughout (I) to show what the ultimate mean to consumers (and when) is not clear. Increased
monetary costs and benefits to him might be and (ii) vehicle purchase prices might result in increased state
to avoid double counting. The latter is especially im- revenues in states having sales taxes on vehicles and
portant because without a consistent point of view it might result in increased Federal revenues through
is easy to count the same costs over and over again, the corporate profit tax. Tracing the effects of pollu-

Technological changes, for example, may raise tion control costs and price increases through corpo-
initial purchase prices of automobiles; these increases rate ledgers to see how they affect profits, however, is
would be costs to car-buying consumers. These same likely to prove unrewarding, and tracing the effecth
changes may have entailed research, development, of slightly increased tax revenues on consumers is
and tooling costs for automobile manufacturers, re- likely to be difficul;, Thus, one might assume most
search and development costs for metals producers secondary effects to be negligible unless they clearly
and parts suppliers. etc. But all these costs are repro- arc not.
sented in the automobile purchase prices and should In evaluating policies, it is important to recognize
not be counted again. The increased revenue from that many costs, especially those associated with in-
the increased prices balances these costs for the completely developed technologies. are quite un-
companies concerned, so that the net (primary) cost certain. Many are only guesses, based on conjectures
for the economy is that felt by the consumers. Simi- and preliminar) information that may later prove to
larly, if pollution control were to increase fuel "mile- be: wrong. Careful application of the techniques of

ago, that is, decrease the number of gallons of "technological forecasting" * may help to bound cost
fuel needed to drive a given distance, the net estimates. But no technique, no matter how in-
(primary) benefit would be the net savings to the genious, can yield more than probabilistic estimates
car-operating public; including the effects on petro- of the costs (or benefits) that might stem from alter-
leurn company revenues, etc., would be double count-
i ng.

Distributional effects may be important if costs
or benefits are distributed quite unevenly, If, f For *Fo discussion of "iechn. loiral forecasdi." see U.

Ce IoIn, r , T,,h3 lo.2 ," Ieap ,'r e). dexample, pollution control changes were to increase Technology\, NVo. 69, 83.92 (S'ep',pnber 1967).



n-iiives thut have never been tried or do not yet exist. "cost of vehicular pollution" either extremely difli-
The best that now seems ",sible is to chmse care- nllt or very ;,rbilrary. Proposals for tax incentive!..
fully an expected value (or "best guess") of the costs cost sharing, or accelerated depreciation to stimulate
and bcnefits, based on the information and insight pollution control investment must face these proh-
available, and then to till out an approximate (sub- lems otherwise they would seem likely to have more
ictive) probability distribution by answering the effect on accounting procedures than on research
latter part of question (f). and development or design and production.

Using the expected value alone is hazardous, un-
less there are very good reasons to believe that the hir¢t Rat' Pir Cispariag Alhrnatdh'n

costs cannot differ greatly from it. An error of $I As previously mentioned, interest causes costs and
pcr vehicle in cstimeatd present value is an v-timat- reduced lxpllution o euring in the future to he valued
ing error uf atlhut $100 million- a small part of the less than the same costs and benefits occurring now.
GNP but significant nonetheless. If the costs are un- Comparing alternatives formally for pollution reduc-
certain, as they surely arc for some policies, policy tion and costs, therefore, entails selecting an interest
makers and the public should know how uncertain, rate. The following table shows the effect of the
so that they can choose and plan accordingly, In interest rate chosen:
some cases, incurring additional costs for experi- Rtl Vatw f Co u B nefit

mentation and careful monitoring may reduce Annual Value of C-1 Occurulng
|nirrcit Rat¢; or Benefit No. I0 yctrfrom now 20)'€all rom nvw

uncertainty signilicantly; deciding whether such ex-
penses are worthwhile entails having some idea how 1% $100, $90.53 $81.95
uncertain the estimates might be without the addi- 2% $100. $82.03 $67.30
tional knowledge. 3% $100. $74.41 $55.37

When vehicular pollution control was thought to $100. $61.39 $37.69
involve merely adding on devices without essentially 10% $100. $38.55 $14.86

changing vehicles any other way, assigning costs to 20% $100. $16.15 $ 2.61

pollution control appeared straightforward. Now that
technological pollution control appears to involve icompouk, annuauy

basic engine redesign, deciding how much of the re- A low interest rate assigns relatively high importane
design cost to charge to pollution control is no longer to future, whereas a high interest rate focusses
so simple. Sonic redesign might occur as part of some almost entirely o the present and neglects all but
year's model change even without the impetus of the relatively near future, Ipollution. And, if it is thorough and well done, the Thereiy nenr eture o

redeignmayimpove spets f vhicuar erfrm- There is an enormous literature on the subject

redesignof interest rates which we shall not attempt to review.ance other than pollution. These other improve- ofitrsraswhhwehalnttemtorvew
nsc not thaollutoTese otheryredesigninm e We merely point out that for problems such as vehic-

merits are not valueless, Similarly, redesigning may ua i oltoteftr suulycnieealter some performance aspects undesirably; how ulr air pollution, the future is usually considered
ale somte pderorane aspctshoudesiab; ow quite important, so that the interest rate used is
muchoofcther"degradationucshouldtbercharged toade1 usually rather low. The "social interest rate" reflects
lution control and how much to other design trade-
oils (such as are made normally) is not immediately a different emphasis on the future than the com-
ouch apetitive-market interest rate. We may wish cleaner
clear,

air for ourselves, but even more we desire its benefits
Manr ny onontchnologicr l lteatives ro - for future generations. Because of the significant

posed serve mainly other objectives; for them, differences between the probable effects of private
poliution is an incidental consideration. If increased
consumer costs for these do reduce pollution, how- and collective action, most people agree that the

ever, even incidentally, some of those costs might community as a whole should undertake more in-

legitimately be charged to pollution control. Deter- vestment than each person would undertake in-
mining how much should be charged is much like dividually. Each views his own sacrifice as a small

determining the cost of a secondary by-product, a price paid to get others to cooperate in making the
problem that has not been satisfactorily resolved, investments he wants.* Thus, in evaluating air pollu-

even in industries where such by-products are
common. S. A. Marglin, C haper 2 in De.sign / Waer-R,'sAource€omrfion, ,%'ystems, A. ,Afaasm (Ed.). Httaid UniA-'r.ity Press, 1962,

These allocation problems make determining the pp. 470...'

pp 78
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tion policies, the future should be valued hirhly, dwh. sections, exprcssw,,y on-ramps, akitud. rural roads,
interest rate chosen should be lower than that used and traffic that includes a wide variety of vehicles,
in evaluating pri' ate invcstments. Traffic performanc., may be quite important as a

criterion for elcetric vehicles thait have lim'ted ac-
Criteria For Effects On The Motor Vehkle Systuti ccleration, Prcliminary theories indicate thut the I

Pulluion control policies may afTect the motoi susceptibility of traffic to "instabilities" and collisions
vehicle system per s' by may incrcais as the range of vehicle acceleration

(a) Changing performance characteristics such as abilities increase,,."' Furthermore, having even mod-
range, acceleration, rte of acceleration, "opiimum" crate numbers of slowly accelerating vehicles in
speed, maximum speed, lighting, rapidity of ,arting, heavy traffic could seriously degradc ttaffc flow.
adaptability to different environments (hcat, cold, Evaluating the safety of new vchiclts (and. to a
dust, wind, rain. snow, hy), capacity (for people and lesser degree, of other pollution-combating altcrna-
goods), versatility (or flexibility), and reliability. tivcs) will be an administrative provh1,trs for the D-

(b) Changing the qualities of comfort by affecting partment of Transportation. which is responsible
noise (level arid character), vibration, environmental for formulating Fcdcral safety regulations. It should
control (heating, air-conditioning), accessories (radio. not be assumed that serious problems will be obvi-
cigarette lighter, power steering, power brakes, ated because electric vehicles-as now being tested-
power-operated windows, etc.), and status value, are to be used mainly in relatively low-speed town

(c) Affecting safey. The "boundary conditions" driving. A high proportion of fatalities occurs in
for safety design arc rint now known with certainty; accidents involving vehicles that were driving be-
many of those now in lawbooks arc basically arhi- tween 20 and 40 miles per hour. Attention must be
trary. given to the interactions between electric and regular

(d) Changing convenience characteristics such as vehicles, and to means of ptrotecting the driver and
ease of starting, case and rapidity of refueling, fro- occupants of electric vehicles, if a noticeable number
quency and extent of maintenance, case of parking. of electric vehicles appears on the roads,
ability to handle goods and people, and compatibility Pollution control changes may also. affect more
of parts with the rest of the motor vehicle and trans- than just vehicles. For evaluating electric vehicles,
portation system. for example, support hardware (e.g., electric charging

The criteria for evaluating these effects are not facilities), system maintenance, command and con-
well understood, but the effects are important, never- trol (e.g., direct communication with vehicles to in-
thclcss. Public acceptability is an important criterion, dicate best routingi, etc.), traffic assignment (e.g..
for example, but one shrouded in myths and mys- rights of way), and system-cost should also be taken
tique. The public's criteria for these effects are ob- into account, One should also examine possible im-
viously interrelated. Some pcople may be willing to pacts on transportation system design, It seems, for
trade capacity and certain feature, of comfort for example, that .
greater acceleration, maximum speed, status value. (A) Emission reduction 'ould greatly facilitate
etc., as they now do when they buy sports cars. the design and construction of tunnels and partially
Other people prefer small, lower performance cars, or totally underground highways. Ventilation require-
and still others prefer station wagons, large cars, ments now significantly limit the extents of both
pick-up trucks, etc. The current spectrum of pcrfor- tunnels and underground roads, and greatly increase
mance, comfort, safety, and convenience charac- the costs of building and operating them. Major
teristies is relatively broad. And the car-buying and reductions of ventilation requirements that would
car-operating public is diverse in its needs, desires, ensue from major reductions of pollutants would free
perception of what is available, and ability to pay. designers from current constraints and save tax-
Thus it is difficult to lay down universal criteria for payers' dollars.
"public acceptability" other than those which ensure (B) Emission reduction, especially if accompanied
that vehicles will perform "satisfactorily" in the road by significant noise reduction, would permit extensive
environment. use of the air-space over highways. Occupants of the

Basic criteria for such satisfactory performance few structures now built over highways suffer greatly
are given by the Subpanel on Energy Storage and from automobile-caused dirt, fumes, and nois., But.
Conversion Systems. Additional requirements, as
yet not completely understood, are imposed by inter- 'The New York Titiies, Jimt. 20, 1967, p. 42.
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for the tong run, ust of highwly air-space for build- available when the policy began.
i .ngs ur for integrated "linear cities" is felt by many- (4) Poticles should seek to minimize admilstirs-
to bec quite important. In many cities roads (and tive complexity. Other things being roughly equal.
access ramps) use large amounsts of land and destroy policies that require fewer formal procedures, fewer
neighborhood integilty, Dev;eloptmnL of highway dutaikcd regulations, and fewer administrative and
air-%pacc might offset such effects, hut highway air- enforcement personnel are preferable. Considerable
mpaca 13, 116ey it? b; duvelvipud olyV if automowbile jatilti should bec given to devising policies thal
emissions, ond noise' are %ubstantially rcduccd. might at least partially cnforce themselves, e.g., by

(C) Improving local meteorological conditions re- offering i combination of positive and negative
quires careful highway design that takes account of ince fit it 4s--Willi built-in social or cconomic feecdback
prevailing winds and attempt% to reinforce rather -that might encourage people to reduce pollution
thin negate them. without direct regulation,

(5) Polies should seek to attain finer control.
AduilntiWve And Economsic Criteria Policies should beek to recognize the finer details

of pollution control, e~g., that riot all pollutants at
Policies to control vehicular pollution should be all times in all places arecequally undesirable. Adopt-

consistent with the following administrative anid ing pollutant mass emission standurds rather thin
economic principles: concentratiot. standard,. would also be a step in this

(1) Policies shul pemi decisions to bea e direction,
centralize as possible. For example, other things (6) Policies should sirive to Improve means to
being equal, a rule that emissions "be reduced by a tasr nd monitor pollutant emissions. concen-
certain amount 6s preferable to a rule that particular tratlons, and effects. Ability to measure and monitor
devices be installed, since the former permits alterna- lies at the hecart of virtually all pollution control.
tives to be considered that may be cheaper than the Man y of thc other criteria in this section would be-
devices specified in the latter,-** come meaningless without better means, so that de-

(2) Policies should be ftexible and consciously ex- velopments in measuring and monitoring should be

perimeta As experience accumulates. information given high priority.
willbe aind aout he robems coss, indbemfas (7) Poticles should be coupled with careflul eco-

ofillutgione aotl the probl temn cost, oundeeis wmi research and system expetimentation. We nowi

aoputdeinacontrml.nWs will thodevse ouorola know so little about thte costs and bencfits of various

abouat) esie mountrscandmets f conrl,* forms of pollution control that choosing Wise plieio.

Pondie haveorise ucontegro n schoml co ious- is difficult. Without some form of benefit-cost evaluL-

Plince cverinuncarefulroundsould coscius- tion, it is hard to determine desirable amounts or

meyinglud xpcrimcntsa infrcfuatdine tsson aiel niaso ' ue Without sonmc form of sy.tent ex-

meainl e preta nomaina ona pcrirnentation and concurrent economic research, not
possblc.much about bt.nefits and costs is likely to be. learned.

(3) policies should attempt to expand future "free- Thus, well designed schemes of expetimentation and
do. of choice."' To increase the opportunities avail- research should be erphalsized in connection with
able in the future, rigid, inflexible, long-term comi- any control policy.
mitmcnts should be avoided. And policies should, (8) Poles shouldl emphasiz learning on the part
whenever possible., be designed so that more options of thse pubfic, industry, and government. Because we
or choices will bx- available in the future than were now know so little about so much, the public, in-

dustry, anid government arc susceptible to rumors,
myths, and misinformation. All need consciously

Olo lhi ptpm HO~ it i,. lcm P~~hc tl e,.* and systematically to learn fronm accumulated cxperi -
.IIbaill i~i m-j nlethiClJ4 , .plo e 11,101m ,l ind e ne; thus, policies should emiphasize and facilitate

IA4 :.iJIic belyilig call do nall/( to ,i 0dim.,w 1104. u i 4 i ., IJ~IJ such learning,
ouaih lit) at 1 propleI ,.cmI,. 1111 , 11 %, At sm Iiil (9 Poiissol aeInoacutpsil
tl,#ii ki rh / l in'ay itlli bd. ~unj ,'# to A,/fl0 im~i ithil, ()P lce sol It acut p il

-dill ed.major risks and contingencies. flow one account..
. 54h/h.l& "wu'nnic holm ,%, in .4iU,,//uliu, for risks and contingencies depends upoin one's

Conl//, it) Ut. II ,11"Zil (i h.. h/I %i )~II~~ .411 Poiii,. optimism about the future and one's inclination to
:iolm, W. W. Mon A Co.. Not)'urw. l'966, p. 4.gml.tmjrcnignce sc sufrsei

''la. .42.gabeBumaocotnece(scLi noeci



chronic medical effects of certain polutants, psihlQ Into the fix system, which, other thing% heing equal,
inodvecrit w4?Ahcr t"irlication, po%%ihle major it is hetter to avoid. Whether or not the tax system
risks should biological pollution sca%-cngcr% hc used, is u,.ed to make the payments, the money must be
etc.) should be taken into account, and psrovided for raised at least partly by higher taxes than otherwtie
if evaluation indicates that the Illkclihood. of occur- for some taXPayers.'Since mlost of our taxes arc not
renee and danger so warrants. neutral, resource misatlocation may result."

(10) Polkles. should strive to he gquUable. Equit- 0I 4) Policies should take Into rcounit llsI-over"
ability (or "faimrcss). Of course. depend-i on one's co' and hrncflti (craifl policie% thai. for example.
point of view. Nevertheless, equitability has been and stimulated the use of electronic controls on motor
rem"atils aln iportant criterion for American public vehicle,, might facilitate the eventual introduction of
po"licy, especially for evaluating policies that appear uutomated trattie control, with its attendant cffecls
to allocate or distribute beonefits and costs unevenly. oni conlgestionl. PoliciLes that tcdoccd downtown park-

(I I) Polik s should realistically take Into accou nt ing in order to .ut down on thc number of polluting;
their leverage over the events they seek to control. automobile-% might seriously affect downtown corn-
Somec policies proposed to combat vehicular pollu- merce. Policies ;hat reduced motor vehicle noise as
tion-eg,, modifying urban form-have little influenece %ell as chcmnw.'l pollution mig~ht base significant
over or real ability to control the factors that will impact on the values of property within earshot of
determinc whether they succeed or fail. Thc prob- husy street% and highwAays.
ability of such policies resulting in what they aimned 0I 5) Policies sboutt consider the possile Im~arts
for is thus exceedingly small. of p.11udlon reduction on alternative forms of msedical

(Q2) More efficient control con normally be ob- care. (This criterion appears to be of minor impor-
tained by Incentives that depend on the #arable tance now, hut ntight be kept in mind as the -ncdical
one desirs to Influence rather thn by incentives effects of pollutant% becomec beter understood.)
!hat depend on a reled varsiab,* Penalties, in-
centives, or regulations that depend on the amount Criteria For Federal Role
of pollutants discharged vre likely to be more clii- Agreement on criteria for the Federal role is
cient than, for example. those that depend on auto- scuicely unanimous, for thr extent, scope, and nature
mobile mileage. T[he latter would distort resource of Federal concern in ;1ny question have become
use in favor of other transpor~ttion modes and poiariz/ng issues in contempiorary politics. However.
against beter emission centols, and wouW, thus the: Federal role ikppears logically ic include protect-
be influencing the wrong things. ing the public interest, especially in matters such asI

(13) Payments or subsidies are subjet to the health where the "market" is highly imperfect, and
foltowitig probk-ms** (in addition to cost-alloealion coordinating and stimulating private activities to
proble~ms): insure that the public interest is. indeed, protected

(z) There is no natural "origin" fur paymiLats or adequutely, Also, although the Federal Government
subsidies. "in principle. the payment should be. for has not always handled this responsibility well, it
a reduction in the discharge of po~llutants below should attempt to ensure that the long-run is adc-
what it would have been without the payment. Esti- quately considered, iec.. that short-range prohlems do
mation of this maignitude would b. difficult and the not drive out long-range planning.
recipient of the s.ubsidy would have an obvious in- More detailed questions. such as the best combina-
centive to exaggerate the arriount of pollutants he tion of industrial stimulation and Federal in-houwe
would have discharped without the subsidy." research, lie beyond the scope of this report.

(b) Payments or subsidies violare feOURS of Part of the Federal role also involves sustaining
equity. People feel that if iiliutirig the air is a cost high-quality professional interest in technical area%
of certain activities, then those who benctit from related to air pollution. To attract excellent talent,
those activities ought to pay the cost. continuing emphasis and funding will be needed.

(e) "if the tax system is u-ed wo make thc pay- Young professionals beginning their careers and well-
meatts. eg., by permitting a credit against tax liability established professionals who might b. attracted by
for reduced [emissions], a Iglmmkck' 6s introduced the challenge will work in air pollulon only if it

appears to hold promiwe of remaining an important

Ilbid., p. 44. field for at least several years. Thus, it is important
1116, P. 45 to avoid short-terms "kicks" or faddish interests that
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to indic~ate approximate es luatlons or rankings of ijiand and or to restrict1 the supply, To reduce the
the altcrnatises. and to pimt out areas where necw dcniaii11d. two mnain approachecs h~isc been propoised-
efforts might tic fruitful. The lii s( is tW redesign sections (if "Meropolitain U01%a

*rhe section consists of four piirt . s% hich cos er (I to reduce need and decmand for transportation. and
pohie to reduce thfi v l of iwt-l'iivl thatic to to: -Ao dwigi new areas. The wecond is to substitutc
piollutlionl, (2) VpolicIus to reduce the amounnt of Vol cOniunications Ncrs ices for dirct traiisportation.
lution tnllwd per "unit" of actis ity. ( 3 policies to 11hw followingi pararaphs discus s each oif these(, inl
reduce ihc imnpact of pollutants that arc nitted, and [Urn.
(4) possible impacts tif %arious policies on) certain The length% and frequencies (if trips in a nictio-
disadvantaged groups and thre national conuwly politan area are functions of its structure ah well as

of its transport systen and socio-cennornic chea-
Alternatives Tu Rcducc Tlk- Le Of l'ul1ating tcrisliks. The reltiOnshipS Of h"10110 to jobs. and to
Actitifle, shopping. cultural. educational. and recreational fa-

In designing approaches to rckduce the level of pol- cilitics strongly influence the over-all amiount of
luting actil.ity. one must take into account meitropolitan travel. It has thus been suggested that

(a) The kind oif acuisity to be reduced. the total demand for transportation might he reduced
(b) Where one %vishes to hase it rcduccd. and if one could
(c) When one wishes to have it reduced. (i) Pro% ide better spatial initegration of residences

To keep cost',* as low as rws-nible. control policies and offices in communities, to reduce the hunic-Awork
should he as specific us, possible. One should not, for place separation. At one Lotrcnle. this could involve
example, decide to reduce all miotor vehicle traset ait rcreating %ihlages or illage-like crnvironniclits that
all times in all parts oif a metropolis without first would be relatively self-containted. Althougl, such
determining whether reducing acceleration and de- en' ironmntns mnight. he attrac~ise to somic, they would
celeration during summeir nmorning h1ours downtown very likely reduce the range of choices in jobs, vocial

miight achieve nearly the samne reduction in pollu- contacts. etc. asailable to metropolitan residents and
tion effccts with, possibly, much less dislocation and thus do away with a lot of the advantages now
cost. found in city living. A more moderate scrsiun of the

One might, thus, reduce the levcl of polluting Samne proposal might involve revising zoning prac-
activity by ticcs to permit greater internmixing of residences and

(a) Reducing thc total amount of urban trans- offices throughout metropolitan areas. This version
portation, vtentails less radical change than the other, but sltl

(b) Reducing thc total amiount of motor Nchicke buffers from lack of leverage on the part of planncr%
travel throughout a mectropolitan area and the incrtia of the current context.* Evidene

(c) Shifting sonic of the demand for miotor vehi- suggests, too, that the few new 'iniied" communities
dC travel to less polluting nmodes oif transportation, of this type built thus far have not reduced iraaspor-

(d) Reducing total motor vehicle travel in tation significantly. People who hae bought the
scverely affected areas houses has e continued to work elsewhere, and miost

(c) Reducing all motor vehicle travel in affected of those who have conic to work in the commsunities
areas at affected timecs. have continued to live elsewhere even though so

Mf Reducing the extent of nmotor vehicle iravel in doing has often entailed lung comnmuting.
especially riolluting aspects of driving ( with possible il) Substitute elevator for ground transport by
further qualification to specific: areas and or timecs) judicious use of tall buildings. 'Tail buildings abet

(g) Reducing travel by more highly poilluting urban concentration, which has been both strongly
vehicles, supported and strongly attacked in the last few

R~'ddng b4~ ~jta Amo~ut / 1dec alls build rmping y donthe appoiy, tooumnts to
Reducng Te Twa Apto~ni / Uraidec aellT overinsimplifythmae oppoingto argumetoo

rapilpovlah an near each uther may cause enormious congestion

There are basically two ways to reduce thec total (and parking problems]. and tot) much enmployment
amiount of urban transportation: to reduce thre dc- dentity may lead back ito the work-residence scpara-

tion 0il wxa designed to solve. New York has many

reduce'd aclivily Irkes. *.St' pay,.s 12tj.1.
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tall huildings. yet has--conidering its weather-a transportation gcierully rely on regulation. Proposed
vehkular pollution problem as s.'.re a% that in Lo. regulations include (a ) automobile production quo-
Angeles (which ha fewer tall buildings, spread mter i,., Ih delibrately slowd programs of road im-
a larger area). Careful study of particular area, will prosenicnt and constrution, (c) gasoline production
bc nwbedd to ihow what the net effect of tall build- and or sales quotas. (d) traw'e permits, and (e)
Ini" are likely to he. regulations limiting bu,. truck. and airplane use. All

(iii) Redesign Federal regulations and financial of thew. entitil ,ignificant mwi;Il .o,,ts And, as pol-
prt;cdurcs to itcragc dc ,clopnmnts, containing Iut[in control mcasure all arc too gross and too
homc'%, apartment,,, and jobs, to minimi, the numh.,r encompassing to be truly effcctive.
of new "bedroom" conmunitics miles- away from F.ven if total transxirtation were to e reduced.
places of cmploymcnt, the remaining tran.sportatioln might %hell lie rcallo-

(iv) Rebuild urban renewal areas and post-riot catcd primarily to pullution-alfected areas, In corn-
areas in ways that winimic the need for transporta- penating for the restricted total supply. transporters
tion. With careful analysis and design taking into and trawilers might concentrate the remaining sup-
account the items mentioned in (i), these steps might ply in the are:as where it yielded the most return.
ccntually have the kinds of eflects desired. Yet they creating w,,cre pollution prohlcis in these areas or
arc inherently %cry long-term measures and inher- aggraating problems that already exist.
ently limited by the .ale of the new areas. Morc-
our, the transportation demand alfected by (iii) is Reducitg Tbe Tutgl Amo nt Oj Ailropolitan

likely to he reduced (it at all) in areas where polilu- Molar ttle Tr.ael

tion is not now serious. Basically, there arc three ways to reduce the total
The substitution of communications sersices for amount of metropolitan motor vehicle tra%el: regula-

direct transportation has been a Popular theme in tion, pricing, and shifting demand to other transport

projections for the future.* I has been forecast that modes. The last is covered in the next section.
phonovision. closed-circuit television, facsimile trans- Regulation might involve (a) fuel rationing, using
mision, remote computer operation. and deices yet any of a graded spectrum of schemes, (b) limited
unforeseen will make travelling all hut ohsolete. Yet registration of second and third cars (based on
evidence thus far suggests that transportation and "evidence of need") in the metropolitan area, (c)
communications reinforce each other: the bhtter the extremely tight enforcement of traffic laws, (d)
communication the more transportation, and vice motor ,ehicle travel permits (i.e., rationed travel),
versa. Communications make available wider ranges etc.

of contacts and opportunities, and make it easier to Pricing might involve (a) substantially increasing
maintain those contacts-which, in turn, generate fuel taxes throughout the metropolitan area and its
travel. Better comnmunications also facilitate some environs and (h) substantially increasing %ehicle

kinds of spatial dlcentralization,. which do not registration and operator's license fees throughout
scm to decrease the need for transportation. the area, to reflect the cost of air pollution in the cx-

Further. it is possiblc that even if substitution of pense of automobile operatioi.. In conjunction with
communication were to rcntoc the need for con- (e) above, it might uaho include increasing fines for
muting and shopping tra el, the time freed might c traffic violations.
ullocated to other act.vitie, (g. educational, scial, The regulations impose important social costs and
recreational) that demand tranportation In such interfere with citizens' "right of mobility." Rationing
instances, no nct reduction (i' transportation demand of fuel, ,ehicles. and travel itself has been attempted
might reult. There appear to he many opportunities in wartime to force reallocation of resources away
for substitution of communication, for transporta- from consumers to war production and use. Even in
tion. and vice versa, but they appear to K found in national emergencies with much public cooperation.
a context %shcre there is much higher utiliation such rationing has distorted resource allocation and
of both. created social discontent. Without obvious scarcities

Policies proposed to restrict the total supply of or emergencies to justify such nteasures, one would
find them extremely unpopular, very difficult to ad-
minister, and eagerly ,uberted. Their possible effects

Ht, New Y.k, 196J. Chapter 16. on the metropolitan economy would be more uilhi-

SRcr.,. l J, pp. 1cu17, cult to gauge, but would probably not be go.
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The pricing schemes tantrr less with normal ceo- and would go alxiut 150 miles before the bat-

nomic and social functions but may lead to misallm- teries , ould have to be recharged, Ahich could
cation and maldistrihution of resources without be done at home. The car would be small and
successfully redncing pollution. The schemes, for ex- easy to park and would sell for about $2,000.
ample, are all econmfically regressi%e. They thus Do you think you would be interested in buying
affct most th- with lo-:wer in:omLe. who own fewer such a car?
vehicles anfd drive tho . thly do os n i less than the Of the cruss-section, I8% said they would be deft-
overall average. nitely interested. according to the Pull. this response

Like the schemes in the previous section. these are translates nationally into approximately 10 million
too blunt to reduce pollution efficiently, and are families.
broad enough to result in ad cisc social costs and Three reasons for interest in electric automobiles
distributional cffecEs, were cited most often: Economy. air pollutiun, and

case of handling. The citation of economy i., interest.
S/ifing Dentand To Lesi-Polluing Alodes 01 ing in that Zwick* claims that economy (minimum
"radsportaioa cost) has become less important in determining

Electric Vv/ichl'. transportation demand as incomes have increased.
As the Subpanel on Fnergy Storage and Conver- and in that American automobile manufacturers

sion Systems has shown, electric cars need be con- seem to have ceased stressing economy in their ad-
sidered for pollutior,-reduction only over the long- vertising. Furthermore, there is no real indication
term, They are not expected to have any signiticant that an electric car with the stated performance can
impact until at least 1980. Estimating possible de- be sold for $2,000 in the near future.
mand for electric vehicle% then is dillicult because long To see a fortiori whether the advent of electric
development and testing is needed before it Aill even vehicles might lead to electrical Ipwer shortages, the
be clear whether any will find use on the roads two Federal Power Commission - used a very liberal ad
decades hence. And, if the new cars are truly as hoc estimate of electric vehicle market potential: all
different and new as their most enthusiastic advo- s.cord, third. etc. family passenger ears plus 20 per-
cates claim, they will radically change the relation- cent of the passenger cars owned by all governments,
ships betwcen existing transportation modes and tend Army personnel residing on base, individuals living
to create their own specialized markets, in institutions, and cars owned by businesses. With this

Even ordinary projections for 1980-1990 run into liberal estimate, they projected 35 million electric
scious problems. But about the cars for which 1980- cars by 1985. at which time they also projected 85
1990 demand is now being estimated we do not million internal combustion engine cars-or a few
know: technology. performance. costs (initial or op- more than the current number.
crating), role. or legal status vis-a-%is internal con- At the upper end of the spectrum are sonic ex-
bustion engine automobiles. We also have no good ceedingly optimistic estimates by adsocates of electric
idea what concurrent developments in the intern., cars. These vary, but usually range from 50¢%- to
combustion engine, mass transit, and dual-mode sys- 90 t of the total automobile market by 1990.
tens will have taken place by 1980 or 1990. Not
surprisingly, therefore. estimates of demand for cloc- ,4A Tranvortion
tric cars range widely. Possibilities for shifting demand from motor vehi-

Sonic pessimists predict that only a curious, yen- cles to mass transportation arc examined in detail in
tureLome. and "stvlish" few %%ill ever want to drive Appendix 3. The following points may provide addi-
electric ears. tional perspective:

The Gallup Poll* asked a cross- section of adults: Mass transportation must be effective at the mar-
Here is a question about an electric automobile. gin if it is to be effective at all in reducing pollution.
First, let me tell you a little ahout it. and then It might he cffcctii . for example, if it were to dis-
I would like to get your opinions on it . . . courage additional one-ear families from becoming
The car would b used for traclling about town two-or-more-car fa :ilics. It might be effeet e if it
-that is. for shopping and the like. It would w-ere to remain sufficiently attractive and convenient
have a top speed of about 40 miles per hour to keep the passengers it now has. And it might be

71 he alhi pt 7,p ,. .4 1 i ii (fit %fI fI l ,Iu,, * I , I/, Op iii. *C .1~ . "71i Doin d f, in be t:,in,wto.n , vit, 4
imio, jP'incto. N. I.. Jim. 7. 7J i7. it a (G oititt," Ei wlun:" .,"A.%D ('m jo,t c ,p r J'.2.'A
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effecVve it its diversion (f demand were to he suffi- Reducing Motor Vl',bic Trar' In After I Areas

cient to reduce peak-hour congestion inI sonic areas There arc three basic wa- of rieducing motor ,-ehi-
and thus reduce the Trollution caused by vehicles ce travel in affected areas: regulation. pricing, and
operating in highly inelleient driving modes.

Na-s transportation as now conceived is not likely Regulationg .d n e been propsed noludds
to be able to do much mhore. No matter how success- (a) iHanv r. ulating the usc of irtrnal
ful mass trunsportation is, it will not handke goods, combustion V,,iclC in affected areas (po -
which will continue to he carried mostly by truck. sibly only at cel, nes).
And. perhaps more inipoitant. mass trL ,ortatlion, (b) Restricting fic access to major ,rterics,
even where it is expanding, is not the only form of bridges, tunnels, etc.. -ading into affected areas ( pos-
tranmporta~ion being built. New highways and hih- sibly only at certain times).way amr,,t~ r e a underway orr llailcd in many (c) Reducing the nu.nif-cr of par-ig sp.aes aail-
areas, and no cessation of road construction or i"a- able for all-day or long-term parking in affected
provemen, appears likely, areas.
In many urban areas, mass transportation now Pricing policies that have b.en proposed incluac

carries an ilnportatt fraction of peoplc commuting to (d) Instituting graduated, variable tolls on maior
downtown. The question of interest for air pollution, arteries, bridges, tunnels, c c. leading into affc.ited
however, is how many of those not now using mass areas. Such tolls could bL ijusted o help control
transportation can be induced or persuaded to shift, traffic patterns and reduce traffic into affected arca,
For most urban areas, this number appears to be at selected times.
small, relative to the total number of people driving (c) Substantially incIeising long-term parking
motor vehicles in the area for one reason or another, charges in areas used by commuters, while keeping

With regard to the new San Francisco Bay Area charges relatively low for short-term (less than 4
Rapid Transit system, for example. the AAAS Corn- hours) parking to encot-rage shopping, social, cul-
mission on Air Conservation found:* "Roughly tural, and recreational activities.
100,000 automobile trips per day are to be diverted (f) Indirectly achieving (c) through selective tax-
to rapid transit. From the viewpoint of coping with ation and legislation.
traffic and congestion at the hours of most intensive (g)lnstituting vehicle use taxes (similar to wage
demand, rapid transportation could make an ir- taxes), to be collected from those who use vehicles
portant contribution. From the viewpoint of air pol- regularly in affected areas.
lution control, however, the transit solution, even if Policies for shifting demand to other modes in-
it meets the expectations of the Transit District, is clude
only a minor portion of the whole. There arc now (h) Improving public transportation in affected
[1965] about 4 million daily trips in the three- areas
county area, 7 million in the entire Bay Region. (i) Making non-polluting vehicles available for
These figures [are expected to] rise to 5.2 million inexpensive rntal, in conjunction with one or more

and to I I million, respectively. by 1975. The Transit of (a) through (g),

District estinmate that it would carry 25,600 trips (j) Making parking spaces more available for all-
per day means that it would absorb only about 5 day parking near collection points for non-polluting
percent of the passenger travel (in trips, not miles) modes of transportation ("Park-and-ride").
in the three-county area, and 2.5 percent in the entire (k) Improving taxi availability and service, in
Bay Region." conjunction with (h) and (j).

The development of entirely new systems of mass The regulations restrict mobility and may reduce
transportati.n on the other hand, might drastically pollution at the expense of reducing the activities that
change use of public transport. Studies now under- attract people into arftected areas. Good analysis and
way by the Federal Government might prouide clues study would be needed to assess the regulations'
to this question as early as next spring. The impact impact.
of such measures, however, is not likely to be felt in Tmpac
lestai eae The pricing policies have attractive aspects, butless than a decade. have the major disadvantages of being somewhat

regressive and of working only indirectly to reduce
SRcjrr',c 5, p. 300. pollution. Reduced motor vehicle travel in affected
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areas no doubt leads to reduced pollution; how much may prevent shock waves and capacity reductions,
reduction is attainable can be deterinincd only which in turn lead to increased delays and lowered
through careful experimentation and analysis. Re- bpccds.* Extending urban expressway systems would.
duccd travel also may lead to significant social cnsts tend to help reduce driving in inefficient modes by
that must bc wcighcd against the pollution gain:. pro ding facilitic, that permit higher performance
(although in home areas slightly reduced travel at and vehiclc spccds than would otherwise be pus-
certain times might reduce congestion enough to be sible.'*
socially bencticial). In addition, extending expressway systems would

Shifting demand to less polluting modes is dis- enhance driving conditions for travelers using the
cussed above and in Appendix 3. more congested local city streets. Much of the traffic

now using downtown or central business district
Reducing TIb Extent Of Drising In Inefficeni streets is made up of travelers who are moving _-
L At odes through rather than to or from the downtown area.

Thcr- are basically two ways of reducing the This through traffic leads to congestion and very low
amount of driving in inefficient, highly polluting travel speeds for both the through traffic and the
modest introducing new vehicle configurations and local traffic. The through traffic is estimated to range

concepts and improving traffic flow. from 3G to 75 percent of the total traffic volume on
The former reduces inefficient driving by sub- downtown streets. Consequently, improved travel

stituting non- or low-polluting power sources for the conditions and improved speeds might stem from
internal combustion engine. The main new vehicle the construction of highway facilities designed and
configurations and concepts proposed are located to divert through traffic from local downtown

(a) Combination of car or truck powered by in- streets.***
ternal combustion engine with auxiliary transport Expressway construction is so expensive and takes
system to reduce mileage driven-e.g., piggyback, so long (from inception to completion) that it must
moving pallet, road-rail system, b- justified on grounds other than air pollution, Its

(b) Combination of short-range electric vehicle value for reducing pollution also depends, as does
with long-range transport system-e.g., piggyback, the value of the other alternatives in this subsection. i
"third-rail," electronic highways, "Urbmobile." on motor vehicle emission characteristics remaining

Improving traffic flow helps reduce pollution be- so dependent on average travel speed. If engine
cause vehicular pollution is created at a rate approxi- modifications were to make emissions relatively lade-
mately inversely proportional to speed. An increase pendent of the mode of driving, the alternatives in
in speed from 20 to 30 miles per hour yields about this subsection would have little effect on vehicular
a one-third reduction in pollutants, while a change pollution.
from 20 to 40 miles per hour brings about a two-fold
reduction. ' " There is considerable room for improve- Reducing Travel By Afore Higbly Polluting I'ebicles

ment: Traffic on Manhattan streets during rush hour Sonic vehicles emit more pollutants than others. I
moves at an average speed of 81/2 miles per hour, One might thus reduce average emissions per vehicle
and an the approach expressways to Manhattan, by reducing the proportion of travel done by more
speeds are as low as 13 miles per hour.---' highly polluting vehicles. Policies proposed for ac-

The two basic approaches to improving traffic flow complishing this include
arc (a) Imposing taxes or "polluting fees" related to

(a) reducing traffic levels. Sonic ways are stag- emissions. Emissions might either be measured once
gering working hours and encouraging a greater a given period in an inspection procedure or be
number of persons per individual vehicle. monitored continuously by a pollution meter in each

(b) improving traffic flow at given levels of traffic. vehicle. Taxes or fees might then be levied on a
Some ways include better traffic control, new ex- graduated scale that reflected the relative importance
pressways, redesigned intersections and traffic bottle- i
necks, automatic control devices to govern individual *R, 1, re.nc 190, pp. 320-326.
vehicles (automated highway), better system label- **Ibid,, pp, 76.82
ling. I"'Ibid., p.' 85-87. See also Public Roads, 1, No. 4, pp.

92-93; Publi Road.s., 30, No,. 9, p. 219.For suitable types of expressways and highway Usually thu, prrectage ranges tvpward from 50 percent
facilities, controlling vehicle entry at access points for large c :t's "ad is even sigher during prak rwsh periods.
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of the various pollutants and the amounts emitted. creasing vehicle age. The AAAS Air Conservation
This procedure has won the praise of economists be- Commission stated the case as follows: 0
cause it is similar to normal pricing schenes and Motor vehicle taxes .. generally decline with the
seems to be self-cnforcing.* Its principal drawback age of the ,chicle. They arc, on the whole, too
appears to bc administrati-.e complcxity. low to have much effect ither way, but to the ex-

Problems arise mainly bcause "f automobiles' tent that they do have an effect, they tend to retard
moLbility and "because of the great disparity bctwcen replacement. Yet it is clearly the old "oil burners,"
the number of owners and the number of manufac- with their plumes of lue smoke, that contribute
turers. [Autonobiles')mobility makes it diflicult and more than their share to air pollution. Motor vehi-
expenivu to meter their use within a particular air cle taxes should at least remain fixed with age, and
shed. A wcurod coiplication results. from the fact preferably rise. thus forcing old cars off the roads
that although a number of devices have been sug- sooner. Although some old cars burn fuel more
gested, there is at present no inexpensive and reliable completely than some new ones, ... statistically
method of metering automobile effluents 'hat would age is highly correlated with poor carburetion.
be suitable for routine uwc-Ior example, as part of an Approximate, preliminary analysis indicates that
annual inspection. Furthermore, since there are 70.- this tax scheme would affect mainly the disad-
000,000 cars on the roads, but only a handful of vantaged and poor, who tend to own older cars, and
manufacturers, the administrative cost of a scheme middle-income families owning two or more cars.
that deals with manufacturers is likely to be much In the first case, the taxes would be regressive and
less than the cost of a scheme that deals with would seem unlikely to achieve much of the desired
owners."** effect. In the second case, the increased tax might

(b) Causing polluting vehicles to be operated stimulat, earlier "trading in" of old second cars but
more efficiently. This might involve checking all cars would drive off the road primarily cars being used
and trucks for combustion efficiency, training me- far less than average,
chanics better to service and maintain pollution- (e) Encouraging use of rented or leased vehicles
related systems, instituting pollution-inspection pro- or taxis, Rented or leased vehicles arc usually newer
cedures, with appropriate penalties for those who fail than typical individually owned vehicles, and are
inspection, and or developing and placing into opera- often kept in better repair. Taxis are subject through
tion automated diagnostic centers that quickly, cffec- various licensing procedures to government regula-
tively, and inexpensively test the pollution-relacd tion. How to encourage people who do or might
performance of all vehicles. These procedures appear drive highly polluting vehicles to rent or lease, or
quite feasiblc and should be given serious considera- use taxis, is not clear. Study of this question might
tion. be fruitful.

(c) Instilling better driving habits to get more
people to follow more efficient driving cycles. Ai- Altehatives To Reduce Emissions
.hough people generally follow what for them is an The reports of the subpanels on Current Auto-
"efficient" driving cycle, most drive in ways that motive Systems, Energy Storage and Conversion
significantly increase emissions. Educating the public Systems, and Automotive Energy Sources deal with
to drive with less stop-and-go, fewer rapid starts, alternatives to reduce emis.sions. We will thus merely
etc., might yield emission reduction of up to several outline these briefly.
percent (and increase fuel economy at the same There are basically two approaches to emissions
time). Yet, the seeming lack of success of "safe control: preventing pollutants from forming and
driving" campaigns and of advertising campaigns preventing pollutants that are formed from entering
promoting economy runs, etc., makes a "cleaner air" the atmosph.-,. The general cla;,ci of alternatives
driving campaign seem hardly worthwhiie. that embody dicse appzoaches ar,

(d) Having motor vehicle taxes increase with in- (a) Devices added to slightly modified internal
combustion engines

(b) Basic design changes in the internal combus-
tion engine, coupled with basic changes in the fuel

*E, S. Mills, "l'ooi Inrentives in Air.Pollivnt Con-
,rI." i II. Wolzin (E,.), 7ie Ec'omui i of Air Polulfion.
W. W. Norton & Co., fiew York 166, p, 48.

'Ibi., p. 48, *Relerrnce ., p. 300,
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(c) New propulsion systems cars driving inefficiently at once) and the peak-hour
(d) Hybrid sytcms incorporating some of both conditions that generate the wort pollution. Some

(b) and M€) form of inspection for nst .)r all cars is likely to be
(c) Maintenance and improvement of (a) through needed.

(d) Yet, in i966, only 21 states had safety inspections
New propAlsion systcms that use elc;Irical energy to which pollution inspection might possibly be

entail additional pollution by power generating added, and only 3 of these (New Jersey, Delaware
plants. Power plants using fossil fuels emit sulfur and the District of Columbia) carried out their
oxides, particulates, and various other pollutants. inspections with specially trained personnel. To in-
Nuclear power plants create "thermal pollution" * stitutc emissions checks (at the current measurement
and radioactive wastes. The additional amounts of state-of-art) might require setting up a new national
these pollutants anticipated at various levels of pos- system. Emissions inspection (although apparently
siblc electric car usage arc discussed in the Subpancl feasible) thus deserves close attention. The con-
Report on Automotive Energy Sources. comitant question of emissions measuring devices

Because of the large number of motor vehicles also deserves high priority; simple, inexpensive, re-
affected, consumer costs and benefits associated with liable, and accurate devices could greatly simplify
emission-reduction steps may be large. For example, the administrative problems of emission verification.

a $10 per new car in the cost of pollution control
amounts to about $100,000,000 per year for Altemalives to Reduce The Impact Of
the car-buying public Emitted Pollutants

* $1 per car for maintenance of emission-reduc- There are basically two approaches to reducing
tion systems after all cars are so equipped the impact of emitted pollutants: reducing atmos-
amounts to approximately $100,000,000 per pheric pollutant concentrations in areas where they
yL-ar for the car-owning public may affect people, property, or plants and reducing

* 1 cent per gallon in the cost of gasoline amounts the impact of the pollutants on the sensitive recep-
to about $600,000,000 per year for the car- tots.
operating public Policies proposed to reduce atmospheric concen-

a a 1 percent change in gasoline "mileage" trations include
amounts to about $200,000,000 per year for the (a) Reducing local concentrations by
car-operating public. (i) Enhancing local atmospheric transport, to

Reducing these costs or achieving these benefits disperse pollutants-e.g., enhancing natural micro-
thus merits considerable investment, meteorological forces by shaping wind patterns

Verifying emission-reduction, especially on older (building location and design, major topograph-
vehicles, poses a serious problem. Although the new ical changes, such as building or levelling hills),
vehicle population can be considered relatively making best use of the winds available (highway
homogeneous, the used vehicle population evidently location and design), and reducing the extent of
cannot. Even if a selected sample of older vehicles construction (and forest denudation, etc.) favor-
appears to have "satisfactory" emissions, on the able to stagnant conditions
average, there will remain a sizeable likelihood" (ii) Providing artificial convection
that average emissions for the total vehicle popula- (iii) Preventing pollutants from accumulating
tion will be higher. Sampling procedures rarely ob- in local atmospheres, by "sweeping" with adsorb-
tain adequate samples from the worst maintained ents, molecular sieves, or reactive catalysts to
parts of the population. And the "average" driving remove pollutants as they are formed.
cycle used for testing samples is not likely to account The forces involved in (i) are not weli understood,
for emission variances caused by congestion (many but the possibilities appear attractive. Achieving (ii)

is likely to be inordinately expensive; the atmosphere
ordinarily tends to resist or overcome small-scale dis-

See, r,.. B. Davidija and R. W, Bradsha', "Therm.I turbances, and even assuming atmospheric coopera-
Pollu on of Water S vster.s." Environmental Science and tion the power and equipment costs involved are
Tech.noloy, 1. 6 -6.3f0 /967). enormous. Alternative (iii) involves treating large

-Saijica/il, ihere iv a 501)' (hanr that tilIe pO piiationi volumes of air, but may he very attractive and effec-
,mean will e.cmeed Ihe sample r,,jea but only a 15% c/nce
ht it will exc'ed it by more i an oL' staodard deviilon. tive in places where air is already collected and

I
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pumped as, for example, at tunnel ventilators or pollution.* Areas that once received rWAtively clean
garage exhaust vents, air receive i llutants from new sources in filled-in

(b) Removing undesirable products from the gen- areas upwind; these new pollutants compound the
eral atmosphere * oldc; irca's existing problems. And pollutants that

(i) Chemically-react pollutants to form carb.-n once were blown quickly out of the megalopolitan
dioxide and water or other less desirable con- convection cells are believcd to stay much longer
pounds. when the megalopolis expands.

(ii) Physically-sweep. scrub, or scavenge pol- Controlling megalopolitan sprawl has proved diffi-
lutants from atmosphere, Enhance precipitation cult in the United States. Some European countries
of particulates. (e.g., The Netherlands, Sweden) seem to have had

(iii) Biologically-introduce pollution prvdators, some success, albeit working on a much smaller
such as microbes or insects, scale, but it has not proved possible thus far to trans-
(i) and (ii) require contacting large volumes of plant the., appr'iaches into the American context.

air with other substances. The power needed simply Research on controlling American "sprawl," of in-
to move the a;r effectively is likely to be so expensive terest for many reasons besides pollution, would seem
that these alternatives will be most unattractive cx- to be worth pursuing, although benefits from such
cept where the air is moved anyway, as in tunnel research (if any) could not even begin to be felt for
ventilation. several decades.

The problem with (iii) is uncertain ecology. It is Policies proposed to reduce pollutant impacts
difficult to predict what else pollution predators include
might find appetizing, or what effects they might have (a) Locating mijor highways st, h that pollution
on their surrounding biological system. (The "cure" effects on surrounding neighborhoods are kept to a
may be worse than the problem.) It also may be minimum.
difficult to "train" predators to feed only on unde- (b) Reducing the biological effects of atmospheric
sirable substances. Fragrances are due to trace pollutants on man by:
concentrations of complex chemicals not unlike some (i) Relocating pollutant sources relative to man
of those that are considered to be pollutants, and so that the effective exposure is less
predators might find it difficult to tell the difference. (ii) Designing and distributing protective sys-
Further, it is difficult to anticipate what mutations tems- e.g., gas masks, oxygen, anti-pollutant
might occur and whether the mutations might inoculations
dominate, and it might be exceedingly difficult to get (iii) Making effective diagnosis and treat',cat
rid of the predators once they had finished their job. of pollution effects r adily available

(c) Blocking the formation of photochemical smog (iv) Developing a means for inducing tolerances
by and immunities to pollution effects

(i) Interfering with the offending chemical reac- (i) is likely to become quite important, although
tions by introducing inhibitors, removing catalytic the design bases for it are ill-understood. (ii) may
agents that favor the reaction, or enhancing more become necessary for especially susceptible people
desirable alternate paths. (i.e., heart patients, elderly people with respiratory

(ii) Reducing stagnation (i.e., dispersing the ailments) in high-pollution areas, The need for (iii)
key ingredients), or introducing substanrces that and (iv), and the scientific bases on which to develop
selectively absorb sunlight at especially important them, are still unclear.
wavelengths.
These alternatives are largely speculative. Not Impacts Of Pollution Control Policies

enough is known about the chemistry involved to Recommendations of this Panel that would result
evaluate them scientifically now. in significant reduction of air pollution are likely to

(d) Reducing megalopolitan sprawl, change the pricing, cost, performance characteristics,
Through "downwind" and cumulative effects, and accessibility of the transportation system. These

filling in metropolitan areas is believed to exacerbate

* The crude model (Model i) developed In Appendix 2
ihows average pulhtltinm 'ottc.,fratlion increasing with in.

,Hu e ii .twn.0ih it) of pfilndiunt (oin,,'en, m to n A in creaminy urban dinensions. See also Reerence 5, pp.
Appendix 2. 296.298.
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changes could result in significaint net costs or bene- To travel to work, piny, %hop, or obtain %ervices,

fits to society, exccp! when these arc within a few blocki, most
The first part of this scction concerns the impact Americans tend to usc cars or public transit. How-

of pollution control measures on the disadvantaged ever, many Americans cannot (cr at least prefer not
and poor. It is included because pollution control to) obtain cars. 1hey must, therefore, either forego
policies are likely to affect these groups, and because tripmaking, or walk, bicycle, or depend upon public
thcse effects are easily overlooked. The second part transit which, in most places. meets their needs less
of this section deals with possible impacts of alter- and less adequately.
native approaches on the national economy. A distinctive characteristic of post-World War II

America has been the Ination of most new employ-
impacts Opt The Disadvrnaged And Por ment opportunitieo farther and farther away from

The poor and disadvantaged (e.g., the old, the city cures where most of the urban poor live, In the
young, and the physically disabled) form an in- past, the manufacturing, retailing and wholesaling
creasingly conspicuous proportion of the American firms which provided work for lowcr income persons
population. As part of the public they share the ill were also in these cores. Since the 1940s, there has
effects of vehicular pollution and will share the been a steady decentralization of these activities,
benefits of its eventual reduction. Yet, because of although a centralization of others. A recent Bureau
their disadvantages and poverty, these groups have of Labor Statistics study shows that from 1960 to
different perspectives and feel different impacts 1965, for example, 62 percent of the new industrial
than the more advantaged segments of the popula- and 52 percent of the commcrical construction oc-
tion, curred in the suburbs, (in general, while a large

Although the disadvantaged and poor suffer from relative decrease in total central city employment I
air pollution, they suffer more from other things. has be,n experienced, absolute employment levels

They may value pollution reduction, but they are have usually declined little, if at all.)
likely to value more reduction of the disadvantages Between one-fourth and one-half of' the urban I
and poverty that set them apart. Even if pollution poor (and a higher proportion of the disadvantaged),

reduction is considered solely a form of health care. varying with areas, income levels and other reasons,
from which these groups bcntfit at least as .much as do not own or have use of cars. Cars owned' by many
the rest of the population,* it is not likely to be one of the others are usually older, more poorly main-
of the forms of health care these groups would most taincd and therefore less dependable for transporta-
prefer. They may prefer that their money (and every- tion to work than cars operated by more advantaged
one else's, in which they share) be spent on health Americans.
measures that benefit them directly, immediately, Any anti-pollution measure which increases the
and conspicuously. They generally are not now able cost or difficulty of maintaining a car inevitably
to obtain health care as good as that available to the touches the disadvantaged and poor first, thereby
more advantaged. Thus, forms of care the advan- further reducing the number of those who have
taged may take for granted may rank far higher for access to autos,

these groups than the "1 sury" of reduced pollution. Resorting to public transportation, the poor and
Moreover, as we have pointed out above, many disadvantaged without cars often encounter a dis-

policies proposed for pollution control might affect couraging situation. Industries and other work places
taxes or prices in an economically regressive manner, located in suburbs and at the urban fringes arc
or restrict mobility, Others might add financial usually poorly served by mass transportation. If sTV-
burden to that already nherent in owning a car. ice is provided at all, the rider may have to take a

Still others might make operating older, more poorly complicated route inolving several transfers, long

maintained vehicles more difficult. Although all of cravel and high fares. Mass transport lines and routes
these policies would affect large numbers of people. are designed principally to transport central city com-
they might affect the disadvantaged and poor out of muters to downtown and back home again. Mass

proportion to their numbers and to the burden they trunsportation's adaption to a different pattern of
equitably can bear. service needs has been slow, and indeed, may not be

possible without public subsidies, changes in the way
'Because o/ thel largey urban orientatioH, these groups urban transportation systems operate, or new kinds

may benefif proporfina ,itr more. of tvchno!ogy. The reason for this is that the scatter-

may eneft prportwwt~y siore
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Ing of work places In a widely disperd pattern pre. nnd motor fuel-that account for a large part of the
vents the generation of large volume, of passengers American gross national product. Major changes re-
going from one point to another which are necessary suiting from pollution control measures, therefore,
to support it. could have large impacts on the national economy.

Because, in addition, the disadvantaged are fre- If, to choose an extreme example, elctric vehicles
queriy unabie to drive, polution control mcmurcN were to predominate some decades hence, vast
that weaken mass transportation's already fragile amounts of petrulcum now used to make gasoline
position may tend to harm the disadvantaged and would have to be t;unvcrtcd into other products or
puor. Measures that expand and strengthen mass hi left unrefined or underground. Service stations
transportation. particularly its capacity to serve non- would have to be converted to handle the new vchi4
tadial and random travel desircs. may, on the other lus and their particular requirements. FlIectrical dis-
hand, bx beneficial. (Making taxis cheaper and more Iribution networks would have to be extended and
available. for example, might greatly benefit the agd expanded in heavily populated areas to pernilt the
and handicapped ) distribution and use of recharging outlets. Batteries

Measures that increase motor vehicles' initial cost or fuel cells (or other energy conversion devices)
might worsen the situations of the disadvantaged and would have to be designed to minimize the use
poor unless improvcd financing arrangements could and, or facilitate the recovery of scarce or precious
be developed to assist with the purchase, Even better materials.
financing might not help, since one difficulty these Lcss extreme, indeed quite foreseeable, is the
groups often face is qualifying for loans and main- removal of lead alkyls from gasoline. The impact of
tamining payments, especially where high interest this step. assuming no accommodating changes in
charges accompany them. On the other hand, mcas- engine design, has been explored in a recent paper
ures that reduced operating costs and maintenance by Lawson, Moore, and RatnerY" Because the ira-
requirements would be likely to benefit these groups pact they present has unattractive features, notably
greatly. Since they usually purchase used rather than considerable expense and a possible shortage of
new vehicles, maintenance and operating costs figure platinum, it may be necessary for automobile and
prominently in determining whether they can con- oil companies to cooperate in adapting to any re-
tinue to use them. moval of lead, In this regard, as well as others, the

Measures that increase the complexity of trav,:lling joint efforts of Ford Motor Company, Mobil Oil
(such as intricate regulations, restricted mobility, Corporation, Atlantic-Richfield Company, Marathon
and fragmented mass transportation) might dispro- Oil Company, Standard Oil Company (Ohio), Sun
portionately affect the poor and disadvantaged, who Oil Company, and Standard Oil Company (Indiana).
often find travelling difficult now. They are likely and Chrysler Corppraition and Standard Oil Coin-
to be less able than the moic advantaged to cope pany (New Jersey), on pollution control appear to be
effectively with measures that require "knowing very desirable,
the system" and arc more likely to be defeated or Vehicle and fuel modifications to combat pollution
frustrated by polkies intended to limit, but not clim- might also have significant side benefits for safety.
inate, pollution-causing travel, The opportunities presented by basic engine changes

Distributional effects stemming from pollution should be used also for changes related to safety.
control policies thus may be quite important. The dis- And fuel changes to control evaporation may also
advantaged and poor lack capacity to absorb changes help reduce the threat of fire and explosion in auto-
easily. And some of the changes to control pollution mobile accidents. (Conversion to non-gasoline
may fall on them disproportionately. While the powered vehicles would reduce fire losses even
effects produced may not be sufficient cause to dis- more.) It is difficult to assign dollar value to in-
card the policies, they point up a necessity to con- proved safety and reduced fire hazard, but both
strain the policies, and to consider related actions could be quite important to the national economy.
that can ameliorate those consequences deemed UNCERTAINTIES
harmful or undesirable.

This section examines uncertainties and explores
lwpha t Ops The National Economy " 'Far an lntivi ailcai, see "Applia-ioi of Bcrniolf-Coi

Pollution control affects not only the transporta- Aalviis to Moor Vehicle Accidenti," U. S. Deparlmenr v!
iHeath, Education and Wel/arc, Ofhce of Ashtant Secretar.

tion system but also products-automobiles, trucks for Proram Coordinatiun, August 1966.
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their possible impacts and policy implications. It In recent testimony before CongrHs, NEW
contains three subsection%. which cover (I) major Secretary John Gardner stated that health authoritk e
uncertainties and their implieation%, (7) additional arc greatly "concerned today with the slow, Insldious t
problems for research, and (3) systcm cxperim nta- effccts on human lungs of air pollution level which
tion. arc tlowJ but continued every day and year ufter

year. Tha air pollution does indeed increase the
,.u &I3r i mIAad iir iokaikyiis prevalence or severity of chronic respiratory diseases

Uncertainty, or lack of perfect knowledge. derives has been stated with more and more certainty byA
from four major sources; outstanding authorities," I But considerable uncer-
a, From imperfect ability to predict the future tainty remains. and far mnrc information is needed

(e,g., uncertainty about future political or strategic Implications: If chronic or cumulative effects re-
context%, or about future technological state-of-art). suiting from prolongd or ifcqxAd ¢poure to rel-

b. From imperfcct ability to predict people's ativcly low conccntrations of pollutanta are ini-
actions or reactios (e.g., uncertainty about corn- portant. even if only for certain segmcnts of the
pctitors, opponents. potential custoinq.a.); population (,g,, young children, pregnant women,

c. From lack of time, money, or effort needed to elderly people), then pollution standards (for ap-
obtain information about planning factors (e.g.. un- propriate substances) may have to be cxcecdingly
certainty about the biological effects of nitrogen stringent. Such stringent standards might necessitate
oxides); pollution-control measures beyond any now envi- I

d, From chance or random elements arising from sioned, or might necessitate serious efforts to develop
complexities boyond current understanding or con- essentially pollution-free vehicles that could be sub-
trol. stituted for internal combustion engine cars in areas

Uncertainties of types (a) and (b) can never be where pollution is especially severe (e.g., centers of
resolved completely, except by the passage of time. metropolitan areas, junctions of megalopolitan at-
Uncertainties of type (c) can be partially resolved by mospherie convection cells).
sufficient time, money, and effort, but perfect resolu- (2) Nirometeorology-the local atmospheric trans.
lion would be either inlinitcly expensive or take in- port that determines the relations between automobile
linite time. Uncertainties of type (d) can be treated emissions and local pollutant concentrations.**
with the mathematical tools for stochastic processes Knowledge of small-scale atmospheric convection
(i.e., processes governed by chance or probabilistic and diffusion, and of the processes that govern them.
laws), although full treatment is often very difficult. is critical in relating automobile emission standards

Uncertainties that cause the most trouble in pollu- to the biological, physical, and chemical effects of
Lion control are of types (a), (b), and (c), These, and pollutants, Where pollutants are rapidly disprsed,
some of type (d), advcrscly affect our ability to set higher emissions can be tolerated; conversely, where
long-term standards or select long-term pollution- local air is stagnant. so that pollutants collect, only
control strategies. very low emission can be accepted.

Some of these major uncertainties and their im- Implications: Certain slrccts, areas, and times of
plication are: day are more susceptible than others to severe at-
(1) Biologle*l and med"icl effects of pollutants- mospheric pollution. Traffic control taking pollution

especially effects of long-term exposures to relatively into account thus may be able to reduce the incidence
low concentrations (i.e., chronic or cumulative of intolerable concentrations, Similarly, certain build-
effects). ing patterns and expressway designs and locations '

Many of the constituents of automobile exhaust may lead to greater pollution-either on the express- |
-carbon monoxide, nitrogen oxides, lead-compound way or in immediately adjacent areas-than others
aerosols-ire well known industrial hazards. Toxicity which use or enhance favorable micrometeorology.
standards for industrial exposure have been estah- Since expressways and reorganizations of streets,
lished for many of them, and progressive companies buildings and topographical features, tend to re-
whose employees contact these chemicals insist upon suit in expensive and semi-permanent changes to
safety controls and medical monitoring. Knowledge
of the effects of moderate-to-low concentrations,
especially those which persist for long periods of :Reference 280, p. 24.

*tcfoeoua,,hi ofIen pr flr to call this ltvl of transport
time, however, is generally unavailable. ",ri'ow rule."
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mert1ittan arra-, carr -hould he taken to ensure hupIafl ns: To monitor deterution and to in-
that illution incidence iN not increase.d. Improper sure effective Illution conlrol, some fr-m of testing

design (which cannot now bm adequately rccognited) or Inspction-cither of all cars or of meaningful
may offslt a considerable part of the pollution reduc- santpks will be necessary. Thu-, quick, inexrensive.
tfon gained from automobik enginc mo-dilication. Jld rvliablc measuring ttest and devices will be|

Concomitantly, emsksion .tandirds (notably at low es,,ential. idirrent test% and devices. although better
kvcLs) wlil bc- dilCzuti u tu wt and enforce without thn their pedcessors, are stil inadequate fot large-
better understanding of rcl vant micronictcoroigkical scale application. Also. to ensure effective com-
protess. plince with F'dcral and State laws relating to nmtor

(3) LT dmaia Um s ba ~t~ewa gom tlo enge evhkk air pollution, inspvction systems and procc-
piteti control dures, and method. of funding, will be needed. Unless I

Understandably, ultimate erniston levels for the in- advanced methods (e.g., continuous monitoring de-

tcrnal combustion engine are not now known. Neither vices on each ear. certiticd and tamper-proof, that

is (with any high degree of certainty) the spedilic can be read quickly) are developed, such inspection t
technology or technologies that will be needed to at- systems may require extensive, expensive series of

tain "ultimate" levels; current approaches may not stations with trained inspectors and complicated

be adequat. equipment.
Also not known are th "ultimate" levels that must (5) Suitability criterlaU-limits of acceptable perfor-

be attained.-because of the unccrtaintics concerning mane and design characteristics,biolo ial, aesthetic. and physical effects of pollut- Predicting what the public will or will not accept

ants, and the uncertainties of relating exhaust con- or buy is difficult and perilous, as any venturesome
centration. to concentrations in the air. company knows. Studies of "requirements" usuallyextrapolate what now exists, and surveys usually

Implkaiows: Cost and time projcctions related show that people with money and good judgment
to the developmrent of new technologies are notor- want to buy the best of what is availabe. Unconvcn-
inusly poor. Thus, what now appears to be the tional vehicles using modern technology have not
optimal course to control motor vehicle air pollution been made available to the public, so that conclu-
may, with time, appear far less attractive than a host sions about marketability must rcnain speculative,
of alternatives. Particularly when the new technology Implictions: Pollution-control policies based on
%ought is constrained to lit into a preconceived or the assumption (often implicit) that the public will
predetermined complex .system, cost and time ti- accept only performance and design characteristics
mates projected a decade ahead Lend to be. almost very close to those now offered them are very prob-
without exception, highly optimistic. ably over-conservative. Although large by some

Also, "'ultinmate" limits, once attained. may prove measures, by other measures the menu of altcrna-
too high for sume pollutants under some conditions. tives currently offered the public is small. Thus, the
Dispersion of metropxlitan areas, combined with in- basis for judgment by extrapolation is small, and the
creasing demand for automotive travel (increasing judgments so derived are open to serious question,
numbers of automobiles and increasing numbers of Innovations need not only displace demand from
nmtro-miles driven per automobile per year). may current altcrnati'es; they can also induce demand
offset much of the engineering reduction in pollutant that did not exist before, as people find ways to use
emissions. Cumulative exposure may heighten pollut- the innovations* special advantages, Hence, pollution-
ant sensitivities in certain individuals. And, when control alternatives that involve departures from
combined with locally unfavorable meteorology., the current performance and dLsign characteristics
emission levels may simply be too high according should not be ruled out a priori if they are attrac-
to the pollution standards then in effect. tive (at least potentially) ) by pollution-rcduction

(4) Lifetime rellabliity and perforamce of current criteria.
(and projected) pollullon-comtrol devices (6) Relations of tranportation, particularly auto-

The reliability and performance of pollution-con- motive transpoetation, go the metropolitan "system."
trol vs. time has not been demonstrated adequately. ".spite considerable :.nalysis, the detailed rela-
If currcntl. approved devices, and their descendants, tions between transx)rt;tlion-..particularly automotive
deterioratt, signilicantly. cllective pollution control transportation --and the rest of the metropolitan sys-
may be only a fraction of that now estimated, tern are still unclear. Although transportation clearly
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helped to form the shape nnd chardcr of Anicrictn a!ir pollution in particular.
mectropolitan .areiis until %cry rcccutis it is not clear h, C.hronic and curmulative effects of pollutanti.
whcther tranisportation ik -.till ai detcrniining forcc or cspeci-il how. cflets tliat may not bccomec notice-
whether it has become a 'dependentt varible" re- bli ntil they ;ire %o iid%;inccd that they irc difficult
spondlring it)outher forces. It i-, also nt clear, fur to ttC~M.
example, what thse ctlect w~ould IV of greamlIV immproN - t: 1114lo6CIcI effrm-m cif ld froni MOWo 6gaElines.
irig traftic flow in "dwtw'-wchrthe net in- anid biological effects of nitrogen oxides,
crease in aserapl cpccd, (which would lead to i d. Implications (if new propulsion systems for city
tcduteLivmt ini pullution) might lie offset by a coirrcs- dlcrirn and tvy.vm nimaei'wft.
ponding inc:rc'aw in traffic %olunic (attracted bv Iho e. Probat ' ilmtratio~ns betwcen vehicles having
lessened corigsi) amnd 11% am decreasme in the LiS-c nest propulo iumisvtettm and current cars. espccially
of puhtlA teati~uti4i 0w-.'e onib irhhc mspoitta- with tt,,ard to rrpoiiht m hcs and pa.;.cr1L(r safcty.
tU011 Would become1 cotopJratiCIy less desirable.), f. Control systems for automated highways. to

Implications: Because the systeni is so complex imiprose dris ing etlicienicy and safety.
and ill-understotid, the net effects of changes cannot g. Methods of mnitoring experiments. programs,
be determined from paper studies. F.%pcrimcmnta- amid forecasts to collect information that can improve
tion is absolutely niecessary. But to be useful, expeFri- future planning ,iid projections.
mentatior. must he carefully planned and monitored h. Ncw systems of urban transportation which
and the experimental results must be carefully col- combine the best features of autoniotise transport
lctied and analyzed. Experiments that are not de- and niass transit,
signed carefully rarely yield meaningful inforumation. Other important problems fmt research are de-

Experiments preceded by careful plannmin-such as scribed in context throughout this report.
the University of Pimnsylvaniu-Giencral Motors clce-
trkc vehicle study for Philadelphia (sponsurcd by System E~xperimentation
the Department of Housing and Urban lDevelnj-
nient )--would appear to he fruitful. Further, similar It is frustrating to have to say in nearly every
efforts should definitely be encouraged. section "not enough is known," To improve this situ-

Furthermore, because metiropolitan areas are coin- ation, in the %irtual absence of suitable theoretical
plex and not all identical, it is nut ininmdiately foundations, one must conduct experiments. Experi-
obvious what current conditions itay properly he mental projects. properly framcd, can uncover a lot
assuned as constraints for future desclopmet.t The of answers of the kind likely miveur to be- gained
more constraints iniposed on technological deselop- through context-free analysis. For somne of thc prob-
nuent, the miore difficult that development becomes. Iins and uncertainties, only an cxperimcntai ap-
JkniandinE optimial performance in the current en- proach offers much hope of yielding useful results,
vironment of polluzion-coatrol technology that will In considering people's preferences, with regard to
operate some decades hence is unrealistic, an inner-city circulation system using electric vehicles,

But, because of the long times required for edlc- for example. any numher of plausible hypotheses can
tixe development, it does not seem feasible to post- be adsanec;d. Current knowledge permits little perne-
pone selection of development policies until all tration. Thus, to overcome this impasse, one has to
uncertainties are resolsed. The logical, practical try, to see how a live system reacts, The joint Uni.
course is one of sequential decisionnuak ing! chuos- sersity of Pen nsylvan ia-Gcncra I Motorn project men-
ing alternative paths to be pursuce in parallel, pre- tiuned above has plans to do just that: to formulatc
serving as much freedomn of choice as possible until tentative hypotheses and test them carefully in real
specific decisions nmust be made, and bringing new situations. Whether or not it Succeeds, similar en-
developments It test as early as possible at each stage deavors should be strongly encouraged.
of the development program, We want ito distinguish carefully between sys-

temnatic experimentation and both case studies and
Additional Problems For Rtsearch '.experimental demonstrations." Case studies haveI

The following thus appear to offer challenging aind tended to he passive descriptions of the past or near
important problems for research: past, and have generally resembled experiments only

i. Meteorology and micro-nieterology. especially insofar as they have worked with "real" data and
as diey relate to air pollution, and to nmotor vchicle people. Only rarely have they attemipted to perturb
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the systern under study anil o~hsrse its re ionsv; only that have lcd to apparent failures of the overall
rarely hase they constructed cxpcriniental designs svstem.
that required bccomning ictlvely ln~solcd in the proic- Expcrlmecnts in the sciences and crnginccriig have
esses being studied, a rather dillcrent orientation, which we wish to we

Experimcntal denionstrations, on the other hand, exploited. lven when, as in complex tcehnological
have tended to the other extrenic. As usually prac- svstem s. underlying pro~ctssts are not well under.
tkcd in transportation, they hawe imsolsed (he intro- sttxi and conditions may not te reprtoducihle, sys-
duclion of a new system or partial system into in temnatie planning. careful design, and thoughtful
unstudiccd. unprepared. unplanned context. Many measurement often lead to useful results, T1he nicth.
things hase been changed simultaneously, and few ods (if cxperimiental design, systemi identification, and
have been measured. Thus. it has rarely becrn possible selcvtise confounding (if variables have enabled con-
to disentatigle ithe half-mieasurfed results to Ste Whitt skk-Eitk p-ractkal unrtsanting of ttmpkt, systetnti
might hase kd to what, or what might hase hap- it) bC a~quircd. With suitable miodiications, they
pened if . .Too often, the results have been totally might be nearly as useful for treating systems of
obscurcd by ostensibly minor failures or breakdowns interest in combating %ehicular pollution.

Appendix I
Model 1: Relatil" Thbe Total Rate Of Vehicular Emissions

To Driving Activity And Vehicle Charaeterilstc

Poli,:ioni Per l'ebhicl cdes of different ages and types. Vehicles produced in
Different aspects of driving produce different different years hase had different initial emission

amounts of pollution. Let us list the various pol- characeristics. especially in the years since California
lutants of interest and designate the j'h one on the list and Federal emission standards were instituted. We
(j I , 2. 3.,..) by the subscript j. Let us also list expect, further, that initial emission characteristics
the vArious. distinguishable aspects of drising, and will continue to change as the research now in prog-
designate the A"h one on this list by the additional ress (and the rewa~rch to comec) bears. fruit. In addi-
subscript k. Now let us represent the emission charac- tion, it app%:Ars that vniisbion characteristics change
tcristics of a particular -6chicke by the synmhol .4 , as vehicles agi 'Ihe ratei of this change may depend
the aolw*i of pollutant j emitted per "unit" of driv- upon the; Ltnu of emission control used initially
ing aspect k. The unit might be miles for steady driv- (i.e., how susceptible it is to deterioration) and upon
ing in a particular speed range. time for idling, or thc maintenance the vehicle rccis as it is used.
numbers of times for acceleration and deceleration - The type of %chicle is important, of course, because
whatever is technically meaningful to relate pollution vehicles with different engines will have different
to the kind of driving done. emissin characteristics (types may be differentiated

Let us represent the extent of driving ( i.e., the in any way that is meaningful and useful.)
number of units) in drivng aspect & by Di. Since Let us list all the relevant types of vehicles, and
for policy it may be useful to identify the location denote the mIS one on the list by the additional sub-
and time of thc driving, let us expand the representa- script on, Let us denote the year of interest (e.g.,
tion of drising to 1),(R,T). the extent of drising in 1980) by y, and the age of a given vehicle (in years)
aspect k done in region R during time period T. by a. A %chicle a years old in year y is said to have

Then the quantity of pollutant j emitted by a sehi- been produced in y,. (y,. -*y a). In the year of in-
c in region R during time period T, Q, R,f), is terest, denote the number of vehicles a years old of

found by adding the amnounts produced in each type rn by N.(y,u). If the fraction of vehicles of type
aspect of the driving cycle: in surviving a years is S.da),* and the number of

QAR.T) A,j DI R,T). (E I) * Vilurs of Sca) for the triu attioniobile population are
vri ot the iiio rikt- hand wiu in of Table 418. 1 oh,,s fo#

Tbe I ebice Population trud~s rundiflereinisned b)y tYpe) ianl he derived lfnn data in

For policy, it is useful to distinguish among vehi- Auiotiubel)k it ji In Urri. AlikCmpn usful t'ahda
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ip in originally prodaL~cd ill i. iS,.(i.,") ZJin 14C44 f,"'(44,4) dckgov Ow mtiner in which dec-

N..(r a)-N(rjS,(a), (L, 2) gradation (or improvement) of pollution-control ef-
fecti~cncss varies with vehicle age and maintenancc

The different types of vehicles (eg.. small cars. poli CM). The emission characteristics in year y for
nedium..displacenent cars. large cars, small truck. N, hiclcs of age a then arc given by
large trucks, buses) have different enissior- charac-
teristics and are use't and driven in different ways. F
The emission characteristics further depend on the A,1,(r) 4,c. -L ..... -. , (E-6)
year the vehicle was manufactured and its age in the
year of interest, Age prhahly also influences the way 7 ida Ivisiionn
the vchicle is uscd. I t us represwnt these dependen- The total emission in region R during T from

ies by redesignating A,, as A,,.(y~), D,(R.T) a se,,hiclcs of type rn, Q,,,,(R,T;y), then is given by
9. (R.T;t). and Q,(R.T) -as Q tR.T;y.u). Equa- adding the contributions fron type r xchiclcs of all
tion (E- I) then becomes ages

Q,,,(RTy) Q, (,Ty~) N,(>'a).(E-7)

E lihiion CbaractristicA
For evaluating policies, it is useful further to re- Adding the contributions from vehicles of all types

solve the factors all-cting emission characteristics. givcs the total quantity of pollutant / emitted in
Each type of vchicle when originally produced has region R during time period f in year .s, which wc
cmission characteristics denoted by A,,. y0- dcnote by Q,(R.T,y):
i.e., A,,. for a vehicle 0 years old in year Y.. The Q,(R,T,y)-= Q, (R,Ty). (E-8)
initial "effectiveness" of pollution control for new
vehicles then can be represented in the form Combining equations (E-5), (E-6), (E.3), (E-2),

Er(. -A,A(, 0) (E-7), and (E-8) then yields a relatively straight-
"O U,, (E 4) forward model that relates substantive, measurable

quantitics-and the policies affecting them-to the
Here U,,, represents the amount of pollutant i rate of pollutant emission. This simple model can be
emitted in driving aspect A by a vehicle of type m hay- ramified as necessary.
ing n . '!ution control-i.e.. L,,.. represents the The above formulation assumes that all numbers
uncontrolled emissions. If pollution control were to are exactly known, In fact, many of the quantities are
be ineffective, that is, if A,,.--- U,.,. then E,,- uncertain-because they are inherently statistical or
would be 0. If pollution control were to be totally subject to random fluctuations, or because they are
cffective, i.e., if A,,.. were to became zero, then estimates derived from projections and "best guesses."
E,,. would be I. These uncertain quantities properly should be repre-

Let us now denote the change of effectiveness with sented by probabilities. Making the model probabil-
vehicle aging (anL maintenance) by istic is straightforward (but lengthy), so that we will

E ,(ya;A1)fE,...(y,)f 1 taAI). (E 5) not carry out the extension here.

Appendix 2

Model !1: Relatlng Atmospheric Pollutant Concentrations To Emission
Rates, Urban Sprawl, And Atmospheric Properties

Assumptions: Steady-State model, with permits simple analysis of the model and offers an
intuitive feeling for the general importance of the

(I) Constant wind velocity (magnitude and direc- wind.
tion). Wind patterns and speeds clearly do change. (2) Constant. isotropic atmospheric diffusivity. A
and these changes are critical in determining pollu- serious assumption, but dispersion plays a minor role
tion severity. Yet, assuming cono,.;t wind velocity in this model, in any case.
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(3) Constw cmission rate. A transicnt mo&l ino-r- wher'
porating fluctuations in emission rate is easy to
develop by extending this one. Assuming emissions G(x,u)
constant over ':me simplifies analysis somewhat, yet R
does not alter emissions' basic role. [exp (Lj(x-u))H(u-x)+exp(L2(x--u))H(x-t)].

(4) Pollutant I removed at a rate proportional to its (I when x>u
concentration. Dissoiution (e.g., Hcnry'"; Law) and MHY--U)- I
chemical reaction (first-order or pseudo-first-order t0 when x<u

reaction) may be approximat,ly representc by this R=(V2+4kD)i
relation. The rate doer not seem likely to be indep-
eident of concentration, and any other prnportion- Li= D(V+R), L,= 1 (V-R)
ality complicates analysis. 2

(5) Perfect vertical mixing, s6 that the concentration S(u) represents the pattern of emissions.
is uniform with altituuc in the "participatiag" part The solution is simplest if emissions are taken
of the atmosphere. This assumption is clearly un- to be uniform within the urban area (at level S) and
realistic. Adding a vertical gradient would not alter zero outside. To examine the solution closely, we
the model's basic results, however, and would make must Hve an idea how large the key dimensionless
the results less easily intcrp;etable. groups are These are

(6) Urbaa area (region of emission) embedded in an kd and k
essentially infinite, source-free environment. If the "V Vnd
urban area of interest is not surrounded by clean air,
we need only redefine the area to include upwind Matching this simple solution against observed
souices, and then look at the part of the region that concentrations, emission rates, etc., we find relatively

interests us. good agreement for k-1/day, which s ,ems phys-
ically reasonable, too; for an urban area 5 miles

Governing Equation: Diffusion equation with emis- across with a wind of 10 mph, then
sion source

kd I
(a) x-axis defined to be the direction of the wind v- T8 ,-0.02

(b) -D 8ac ac + X a)For a diffusivity of 10 ft2 /sec (probably much too
+ ) axlag)

+kc = S(Xy) for pollutant j
kD

Dispersion +Convection + removal = emission source "-T,, 5 X 10-1.

(c) Boundary conditions: Then, to a very good degree of approximation,

C-*0asX±,, y--t+ Q0 for the urban area (0<X<d),

This equation can be solved easily, but its solution / d\
can be difficult to interpret simply. Further assume, k I [
then, that emissions are uniform in the direction pure convective
r ndicular to the wind. i.e., that S(X,v) is uniform solution
in , hen the equation becomes +kD \F (I'd )_z

(d) - D- --, + V-Lc + ke= S(X), V)I (
dX! dX First-order Term

for Dispersionc---4O as X'-€ "
where -xld is a dimeniionless distance. Integra-

Solution ting with respect to z gives the spatial-average con-

The solution to equation (d) is centration

C(X)= JG(X,u)S(u)du, C [i I (Vb Q L,( D)) + D
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tihe exponentiil expression in the dispersion term is It is interesting to note that for small values of
negligible.) (d/ V),

Taking partial derivatives then yields the sen- C( z I kd +
sitivity of the average concentration to each of the V \2
variables, which makes the sensitivities clear. A

Ap -ndix 3

Shifting Demand To Mass Transportatlon about also hurt transit, particularly in terms of pro-
viding service to new urban dwellers and new tAlthough patronage of transit systems has deeli,,d business areas. Traditional transit modes such as

in recent decades, public policies may be capable of bumine rasradio tras md sucas
checking (and in some cases of reversing) this trend; commuter railroads, streetcars and subways de-
however, it does not appear that these changes can pended upon high population concentrations and

riders who wanted to travel from a few origins to a
be accomplished it low cost. Where transit may -.v destinations at the same time. Even buses, which
breductionssful in attractingo rin mayb large numbers, are more flexible, had difficulty in realigning their

operations to provide attractive and economical serv-
ice to passengers who wanted to depart from and
arrive at many different locations.

The automnc,bile has assumed a central position in
urban transportation. Offering convenience, flexi- Tbe Potential For Improring Transit's

bility and privacy, it has not only attracted most of Attractlieness
the new travellers, but also made strong inroads into Several schools of thought have arisen about the
transit's traditional markets, Despite phenomenal function and future need for transit in urban areas.
urban population growth in the 1950's and 60's. What seems clear from these, in spite of their differ-
patronage of transit declined from 12.9 billion rev- ences, is that
enue passengers in 1951 to 7.2 billion ten years -Transit will continue to exist in most urban
later. Many companies vent out of business. Average areas because it fulfills certain vital functions which
annual profits nationally shrank from 4.6 per cent cannot be performed as satisfactorily by the auto-
to 1.4 per cent of revenue. mobile or other existing modes, and

The competition of the automobile was felt partic- -Transit can be made more attractive to potential
ularly hard during the "off-peak" hours, those times riders by infusions of new public policies, operating
of the day other than the two hours in the morning techniques and technology that will lead to markedly
and another two in the afternoon when most com- improved door-to-door service.
muters go to and from work. As relatively high In recognition of these main points of consensus,
levels of commuter service were utilized for only many cities and states in recent years have created
about 20 hours a week, with much of the equipment public bodies to own, operate or stimulate improve-
and labor lying idle the rest of the time as off-peak ment of transit systems. In addition, the Federal
patronage declined, transit found its profits decreas- Government initiated an Urban Mass Transportation
ing or experienced deficits. To meet these situations, program in 1961, assigned to the Department of
companies turned to large fare increases, On the Housing and Urban Development, which has grown
Consumer Price Index, transit fares doubled between to encompass a spectrum of research, demonstration,
1950 and 1963, compared to a rise of only 25 per planning and capital assistance, and manpower train- I
cent in general or automobile cost levels. These fare ing activities.

inerea, ", accelerated the displacement of transit by Assisted by Federal financial aid, a number of
the automobile, though probably not to a significant urban areas have invested in new equipment, im-
degree. proved stations and stops, constructed park-and-ride

The increasingly dispersed urban living and occu- facilities, and have experimented with new techni-
pational locations which the automobile helped bring ques for providing service and managing transit
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operations. Such alo',ns have sometimes reversed vchicle. in the traffic stream durin, peak commuting
or at least halted down%.,rcl patronage trends. hours. The proportion of buses would be increased

Mass transit by its very nature was unable to offer in the traffic stream and both auto and bus average
the schedule mr,, and route flexibility of the auto- speeds could rise substantially. Although this might
mobile. Nor couid it provide certain psychological lead to small delays for automobiles waiiing to enter
satisfactions such as privacy and the feeling of per- the faster moving facility, there is also the possibility
sonal control over one's cnvsionment which the auto that, with the performance of buses enhanced, a large
offers. What it has been atlp to provide in some in- number of current auto users would switch to transit
stances is time and cost savings, the latter usually and free the road for others who continued to use
in terms of traveler out-of-pc-ket expenses. cars. Studies which explore this possibility would be

Total time savings appear io ks:" particularly im- desirable.
portant in inducing people v,. uwc one or another High priority in the near term should also be
mode of transport. When transit i% convenient, fre- given to steps which provide tighter linkages between
quent and rapid, it may provide substantial door-to- the automobile and transit, so that the advantages
door time savings over the automobile, especially to of each mode can be put to best use. Provision of
riders with destinations where parking is inconvenient ample parking space has been one of the contributirg
or scarce, or there is a high density of activity, factors in attracting former auto commuters to transit

for part of their trip. It has allowed them to use their
Pos sbl FiIMrC Diractio,,s In +ransie cars for movement in the dispersed suburbar rest-

The Federal Government is currently committed dential area, but has encouraged use of tiansit to
to improvement of urban transit. Moreover, in a traverse more congested or densely populated areas.
1966 amendment of the Urban Mass Transportation (Such parking space is not costless, and represents
Act, the Congress directed the Department of H,)us- a subsidy that must be weighed against the benefits
ing and Urban Development to submit a long-range it yields.)
program proposal to the Pre!,ient and the Congress Although park-and-ride facilities have become
not later than March, 1968, which will bring into more common, they are still relatively few and far
being "new systems" of urban transportation. HUD between, Almost none exist to provide links between
is engaged now in a number of urban transportation auto and express bus services. Public policies can
studies, on which approximately $3.5 million is being alter this situation.
expended. Business district fringe parking, tied in with

Within the newly created Department of Trans- convenient shuttle transit which connects the parking
portation, the Federal Highway Administration lots to the business area and also provides quick and
(which encompasses the Bureau of Public Roads) attractive circulation with the area, is a similar meas-
and the Federal Railroad Administration are both ure which could be brought into being in many urban
carrying forward researrch activity which may con- areas.
tribute to improvement. of urban transit. These and similar changes in traffic management

It seems safe to assume that higher priority will deserve serious study, §ince they apparently offer
be given to improvement of traffic flow for transit other potential benefits to urban transporiation. From
vehicles on urban streets and freeways, and that this the standpoint of pollution control, their effect should
will result in higher performance local and express be to reduce the net amount of pollutant per traveller
buses offering considerably improved service. Where per mile or minute of travel, without increasing the
transit systems in recent years have begun to operate price to him of using the transportation system. In-
express-type services, there has usually been a favor- deed, a shift to transit should lower the individual's
able public response. total out-of-pocket transportation cost for a given

In the past, most highway designers and traffic unit of travel.
engineers have tended to assign all vehicles equal On the horizon arc possible technological changes
weight and to maximize total vehicle movement, in urban transit. Of particular interest are those con-
This emphasis tends to encourage automobil use cepts which modify the automobile to give it charac-
and ignores the question of whether different kinds teristics zf a transit vehicle.
of vehicles confer different benefits at different times The Urbmobile concept envisions a small, limited
of the day. An alternative traffic control approach - rmance car-type vehicle which can operate both
might be adopted which would change the mix of on regular city streets and on special high-speed,



autonmatic "guideways." On the street it is under the urban areas. 5
'ak~ ecirol and hati a fait y low top speed. When Tvansit itself contributes little quafttitatiVely to air

it enters the guideway, a central source of control pollution, although what i( does contribute is often
and power takes over, so that high speeds and close conspicuous. Most rail transit is electric. Diesel pow-
spacing cart he alaincd. Such vehicles might be pri- ered huses emit certain undesirable pollutants, but on

vately owned, but might also be merely paid for dur- a per passcngcr-niilc basis these are only a traction of
ing use. in which case the local operator of the automobile pollution, as annoying as they often arc to
L'uideway systern would own them. those near buses In trafic. Noisc and oder have not

Sinct: the concept does not require hig~h perfor-m- been overcome, but devclopnsvnt and adoption of
anee capability off the guideway, an urbmobile would less- or non-polluting po~wer sources for buses may be
not need high power or energy ciipacity. Assuming easier than the corresponding task for automobiles.

the overall system coocpt has merit, it should be The Federal and many local governments have
possible to devclop adequate power sources for such already begun to undertake transit improvement pro-
low-emnission vvhies within a rclatively short time. grams. Acceleration of thcse to obtain quicker Ft-

An alternative concept involves a piggy-back ap- suits appears to be desirable.
proach. Automobiles-, small buses, and even pas- Achievement of traffic improvement measures,
senger pods would ride on pallets which move at which provide incentives for increased transit use
high speed under computer control on a specially and closer auto-transit linkages where they are appro.
designed guideway. During the ride it would not be priate, depends less upon increased Federal funding
necessary for the vehicle's engine to operate. than upon policy refinements. What is needed from

Con~i~ioflsthe Federal government, In joint action by the De-
Conclsionspartment of Housing and Urban Development and

The feasibility of attracting a higher proportion the Department of Transportation is a clear politc
of travellers to transit needs to be demonstrated and expression of the importance of traffic and highway
anallyzed more carefully. There may be some (though design measures, aid a shift in research and demon-
apparently not major) advantages to pollution con- stration priorities, to obtain knowledge more rapidly
trol in encouraging such diversion, aside from other about the appropriate use, costs and benefits of these
advantages which increased transit use may have for measures.
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